
BIOMAGNETISM: AN ANNOTATED BIBLIOGRAPHY

Louise A. Manganelli

_le George Washington University

Medical Center

BIOLOGICAL SCIENCES CO_UNICATION PROJECT

Washington, D.C.

!



GW-BSCP-72-O4R

The work on this bibliography was performed under NASA Contract

NSR 09 010 027 with

BIOLOGICAL SCIENCES COMMUNICATION PROJECT

The George Washington University Medical Center

2001 S Street, N.W., Washington, D.C. 20009

Charles W. Shilling, M.D., Director

February 1972

¢ •



PREFACE

,I

f

This bibliography consists of 161 annotated references on the

subject of the biological effects of magnetic fields. The publications

cited cover a period from 1967 through 1971. The references include

research on plants, animals and humans exposed to field strengths

ranging from null through geomagnetic, low, and high intensities.

Variations in field orientation, exposure time and field gradient

are noted where possible. Applications relevant to spaceflight are

included; clinical observations and therapeutic applications are
also noted.

The abstracts are arranged alphabetically according to the last

name of the first author and then chronologically for each of the

author's publications. Subject and author indexes follow the text.

Indexing was done from the abstracted literature. In the subject

index, reference to the type of response of the biological object to

the magnetic stimulus and the biological mechanism of the magnetic

effect are indicated by italics.

Earlier bibliographies on research in the area of blomagnetics

which may be of interest to the reader include:

Busby, D.E. 1967

Biomagnetics. Considerations Relevant to Manned Space Flight.

National Aeronautics and Space Administration, Washington, D.C.,

NASA-CR-889, 63 pages.

Davis, L.D., K. Pappajohn and I.M. Plavnieks. 1962.

Bibliography of the biological effects of magnetic fields.

Fed. Proc. 21(5, Part 11):1-38.

Gross, L. 1964.

Bibliography of the biological effects of static magnetic fields.

In: M.F. Barnothy, ed. Biological Effects of Magnetic Fields.

Plenum Press, New York. p. 297-311.

The author gratefully acknowledges the suggestions of Mrs. Jean

Pulliam in processing the bibliography and the preparation of the text

by Mrs. Bobble Allen.
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ANNOTATED BIBLIOGRAPHY

Io AMER, N.M. 1967.

Effects of homogeneous magnetic fields upon biological sys-
tems.

In: Joint NASA-AEC Program in Space Radiation Biology.

California Univ., Berkeley, Lawrence Radiation Lab. p. 25-

28. Sep.

The hypothesis that homogeneous magnetic fields effect the de-

velopment of Tmfbolium confusum, in a manner quantitatively

equivalent to an intrinsic cooling effect of the order of

I°C/6000 gauss was tested with substances having mesomorphic

states. Light-scattering properties change as a function of

temperature. At a mesomorphic state with a range of colora-

tion between 34 ° and 37°C at an ambient temperature of 37°C

± 0.i °, an external magnetic field of 6.3 kG was applied to

the preparation. A gradual change in the wavelength of the

scattered light was shifted from 4600 to 6200 A. (A.L.)

.

.

BARBIERI, M., A.F. VALENTINI, Q. ZINI, and O.M. OLIVO. 1970.

Effetti del campo magnetico sulle colture di fibroblasti in

Vitro. [Effects of the magnetic field on culture of fibroblasts

in vitro. ]

Boil. Soc. Ital. Biol. Sper. 46:762-766. 30 Sep.

A study was undertaken to determine if the action of the mag-

netic field provoked morphological and functional modifications

important to normal histophysiological investigation. Embryo-

nal chicken heart cultures were used in this study. After ex-

posure to a vertical homogeneous magnetic field of 5,000 to

6,000 oersted, or a dishomogeneous vertical field of 6,000 to

7,000 oersted, or a dishomogeneous horizontal field of 3,000

to 3,500 oersted, for one-half, one, 12, or 24 hours, the

preparations were fixed and stained. Results from 134 cultures

are shown in tables. It appears that the magnetic field exerts

two distinct effects on the dynamics of cellular proliferation:

first, a slowing of various processes concerned with karyoki-

nesis; and, second, a probable effect of the interkinetic cell

in the synthesis of DNA. The magnetic field does not impede

the fulfillment of mitosis of the cell from the end of DNA

synthesis to the beginning of mitosis. Various hypotheses

of magnetic field effects on mitosis are discussed. (A.R.T.)

BARNES, E.B. 1967.

Biomagnetic Mechanisms.

University of Michigan, University Microfilms, no. 68-7853,

83 pages.



The velocities of the reaction Zn/CuSO4 were investigated in
uniform magnetic fields. The reaction velocities in mag-
netic fields were found to be increased over the control ve-
locities. It was observed that the reaction velocities were
a function of field strengths. Orientation of the reacting
surface with respect to the field was found not to influence
the effect of the field on the reaction velocities. The
effects of uniform and non-uniform magnetic fields on the rate
of exudation of sap from the stems of young tomato plants were
investigated to determine whether a biomagnetic effect could
be detected. It was found that the rate of exudation of xylem
sap was reduced both in uniform and non-uniform fields. A
mechanismfor the effect of the Earth's magnetic field on the
normal environment of biological systems is presented. (A.L.)

. BARNOTHY, M.F., ed. 1969.

Biological Effects of Magnetic Fields, Vol. 2.

Plenum Press, New York. 314 pages.

This book covers a wide area of research, both with respect to

the strength of the electromagnetic field, ranging from

"zero" to 150,000 oersteds, and with respect to the various

specimens and their biological functions. The first chapter

discusses various types of commercially available magnets and

defines the terms and units used. The second d,apter con-

tains a short resume of investigations performed in low mag-

netic fields. Some common aspects of biomagnetic effects that

emerge from a review of the experimental material collected in

the remaining 17 chapters of the book include: i) the existence

of a threshold field strength; 2) the persistence of many ef-

fects for long periods of time; 3) the mobilization of regen-

erative processes by a magnetic stimulus; 4) the alteration of

oxidative processes in a magnetic field; 5) the nature of the

electrical conduction of the central nervous system; 6) the

change in the activity of enzyme-substrate systems at high

fields and in "zero" fields; and, 7) the effects of magnetic

fields on embryonic development. The last chapter discusses

the magnetic susceptibility of biological materials. (A.R.T.)

1 BARNOTHY, M.F., and I. SUEMEGI. 1969.

Effects of the magnetic field on internal organs and the endo-

crine system of mice°

In: M.F. Barnothy, ed. Biological Effects of Magnetic Fields,

Vol. 2.

Plenum Press, New York. p. 103-126.

In _Iree experiments using homogeneous magnetic fields morpho-

logical dlanges in morse organs were examined to determine if

magnetic fields induced a stress response. In experiment I,



O
20 ten week old random-bred Swiss female mice were exposed to

a field of 4200 Oe for 35 days and killed 196 days post expo-

sure. Experiment II used 47 day old, random-bred, male Swiss

mice in a 9800 Oe field for either 13 days or 4 days with sac-

rifice immediately after termination of exposure. In e_eri-

ment III _o male-female pairs of C3H inbred mice were mated

and two generations were born under a 2200 Oe field; the treat-

ment time was 40 days, of which 20 days were prenatal exposure.

The 4200 Oe field produced in 78% of the mice a disorganization

of more than one half of the zona fasciculata of the adrenal

gland. The same severity of lesions was shown in 70% of the

animals at 9800 Oe and in 80% of the first generation and 50%

of the second generation exposed to 2200 Oe. In all three

experiments the number of megakaryocytes decreased significantly

in the bone marrow. An increase in both the number of mega-

karyocytes in the spleens and in the mitotic indexes of the

livers of the magnet-group occurred in experiments I and II

but not in III. While some of the observed abnormalities are

seen when an organism is subjected to any stress, distinct

variations due to magnetic stress were noted. (L.M.)

. BARNOTHY, M.F., and J.M. BARNOTIIY. 1970.

Magnetic fields and the number of blood platelets.

Nature (London) 225:1146-1147. 21 Mar.

Fen_le virgin DBA/J2 strain mice, 100-120 days old, were placed

in a 9,000 oersted homogeneous, vertical magnetic field for 20

days. Blood was taken evel_ 3-6 days from the tail vein of

each mouse. The mice kept in the magnetic field showed, as early

as the _lird day of their exposure to the field, a 25 ± 3% in-

crease in the number of platelets over tlle value of their con-

trols. From the tenth to the last day of their residence in

the field, the difference between the magnet and the control

groups vanished. The observed variation in the n_nber of

platelets could be interpreted as a reaction of the organism

to the stress of the magnetic field. After removal of the

mice from the magnetic field an increase of the platelet num-

ber was again observed. Further investigations are needed to

clarify whether the magnetic field merely changes the number

of blood platelets, or whether it also produces morphological

alterations in them. (L.M.)

m BECKER, G. 1971.

Magnetfeld-Einfluss auf die Galeriebau-Richtung bei Termiten.

[The effect of a magnetic field on the gallery building direc-

tion of termites.]

Naturwissenschaften 58(1):60.

Most termite species build protective connecting paths between

nest and nourishment which are called galleries. For some



species, there has been a tendency for these galleries to be
oriented in North-South and East-West directions. The role of
the Earth's magnetic field in accounting for this phenomenon,
was studied by observing the direction of gallery building in
a cylindrical patch of earth with wood at the periphery. The
magnetic field produced statistically significant orientation
effects which could be confirmed both by changing the orienta-
tion of the field and by shielding the magnetic field with a
copper Faraday cage. The magnetic field influenced the work
of not just a single animal, but of a population of animals
who are almost continually in motion. Other constantly chang-
ing electromagnetic and physical factors in the environment
may also influence gallery direction but these have not yet
been analyzed. (T.P.U.)

Q BECKER, R.O. 1969.

The effect of magnetic fields upon the central nervous system.

In: M.F. Barnothy, ed. Biological Effects of Magnetic Fields.
Vol. 2.

Plenum Press, New York. p, 207-214,

Recent literature on biomagnetism is briefly reviewed and an

attempt is made to determine the basis for the interaction be-

tween neural structures and magnetic fields. Low-field strengths

are apparently productive of subtle behavioral alterations with-

out demonstrable cffects upon the measurable electrical activ-

ity, while high-strength fields are related to observable al-

terations in electrical activity. Evidence indicates that a

vectorial relationship exists between the field direction and

the neuraxis; the geomagnetic field appears to effect the func-

tioning of higher neuronal centers. In attempting to deter-

mine the actual mode of action of the magnetic field on neural

structures, it is noted that the bulk of observations reported

indicate an interaction between the applied magnetic field and

some active functional property of the central nervous system

(CNS). Certain aspects of the DC potentials of nerve tissue

indicate their possible role as the target mechanism. Evidence

has been attained that this DC system is based upon some solid-

state, possibly semiconduction, property of the tissue organi-

zation generating and transmitting the steady-state potentials

which exerts a regulatory effect upon the overall functioning

of the CNS and is, at the same time, acutely sensitive to ap-

plied magnetic fields. (A.R.T.)

. BEISC|IER, D.E., E°F. MILLER, II, and J.C. KNEPTON, JR. 1967.

Exposure of man to low intensity magnetic fields in a coil

system.

Naval School of Aviation Medicine, Pensacola, Fla. 31 pages.

3 Oct. NASA-CR-90223



The magnetosphere is an intrinsic componentof the earth envir-
onment, and travel beyond this sphere will expose man to near
absence of a magnetic field. The present study is a continua-
tion of a previous investigation of the physiological and psy-
chological effects of prolonged exposure of man to low inten-
sity magnetic fields. In support of previous findings, a sig-
nificant gradual decrease of the scotopic flicker fusion thres-
hold was observed from which tile subjects recovered after expo-
sure. Problems of life in a magnetic field-free environment
are discussed. (Author)

i0. BEISCHER,D.E. 1969.
Vectorcardiogram and aortic blood flow of squirrel monkeys
(Saimiri sciureus) in a strong superconductive electromagnet.
In: M.F. Barnothy, ed. Biological Effects of Magnetic Fields,
Vol. 2.
Plenum Press, NewYork. p. 241-259.

Vectorcardiograms of squirrel monkeyssubjected to a supercon-
ductive magnet with high field strength were studied. The
study furnished muchstronger and clearer signals regarding
the increase in the T-wave amplitude of the ECGthan those of
previous studies. The observed increase of the T-wave has
been confirmed to be a superimposition on the ECGof the emf
generated by blood flow. The magnetic method provides, in a
single record, information on the electrical and mechanical
activity of the heart and represents a new_ noninvasive method
of studying cardiac performance. (A.L.)

ii. BEISCHER,D.E., and G.S. COWART.1970.
Growth of Staphylocoacus aureus in a null magnetic field en-

vironment.

U.S. Nay. Aerosp. Med. Inst. NAMI 1105:1-7.

No significant differences were observed between the growth

of S. a_eus in the geomagnetic field or in a magnetic field

with a field strength reduced by a factor of i000. Pigmen-

tation, mannitol fermentation, gelatinase activity, coagulase

production and catalase activity were not influenced by the

low magnetic field. The results are discussed in their rela-

tion to previously reported findings on the reduction of growth

rate in fields weaker than the geomagnetic field. (Author)

12. BENNETT, M.F., and J. HUGUENIN. 1969.

Geomagnetic effects on a circadian difference in reaction

times in earthworms.

Z. Vergl. Physiol. 63(4):440-445.

5



The effect of the geomagnetic field on the light-withdrawal
reflex of earthworms, Lumbricus terrestris L., was investiga-

ted during the autumn of 1968. The reactions of worms kept

in the Earth's magnetic field were timed, beginning at 12:00

and at 20:00 eastern standard time, on each of 63 days; the

same was done for worms maintained in a field whose intensity

was essentially zero. Rile worms in the Earth's field withdrew

from light significantly faster at night than at midday. No

significant difference between the mean reaction times at

12:00 and those of the evening were found for the animals in

the greatly reduced magnetic field. Geomagnetism does have

some effect on the circadian difference in reaction rates in

this species. (Author)

13. BLACK, D.I. 1967.

Cosmic ray effects and faunal extinctions at geomagnetic field
reversals.

Earth Planet. Sci. Lett. 3(3):225-236.

Studies of deep-sea cores show that the last reversal of the

Earth's magnetic field and the extinction of a group of radio-

larian species occurred simultaneously: the evidence suggests

a possible causal relation. Some effects on the Earth and at-

mosphere at a field reversal are quantitatively considered, but

it is shown that no direct or indirect radiation effect from

cosmic rays or solar flares, nor any solar wind effect, can be

a significant factor in the extinction of the species. The

grounds for believing in a causal relationship between mag-

netic and faunal changes are examined. (R.C.J.)

14. BOE, A.A., J.Y. DO, and D.K. SALUNKHE. 1968.

Tomato ripening: effects of light frequency, magnetic field,
and chemical treatments.

Econ. Bot. 22(2):124-134.

Mature, uncolored, field grown fruit were exposed to various

treatments to determine the most effective method for con-

trolling fruit ripening. _e temperature for all treatments

was 21°C. Magnetic field with flux density of 600 gauss was

used. Cellophane filters were used to produce green light

at 43 foot candles; blue at 47; red at 37; far red at 30. The

chemical solutions, injected into one locule, were: EtOH 25

and 50%; glucose and fructose 25%; pyruvic, citric, and malic

acids 1%; and Acll 5 ppm. Fruit was inm_ersed ill solutions of:

2,4-D, 2,4,5-T, or naphthal_.neacetic acid (NAA) at i000 ppm.;

Et011 10%; hexyl, heptyl, Jctyl, dedecyl, or hexadecyl alcohol

at 1%; and kinetin at I0 ppm. Tile magnetic field increased

the rate of ripening because of increased synthesis of caro-

tenoids, B-carotca_e, and lycopene. All light treatment, ex-

6



cept far red, increased the respiration rate after 5-8 days

above the control. Ripening was also hastened by EtOH, hexyl

alcohol, 2,4-D, NAA, and kinetin. The other chemicals injured

the fruit. The organic acids were practically without effect.

(J .J .W .) ,.

15. BOGINICH, L.F. 1971.

Vliyaniye peremennogo magnitnogo polya na fagotsitoz.

effect of indirect magnetic fields on phagocytosis.]

Zh. Mikrobiol. Epidemiol. Immunobiol. 4:141-142. Apr.

[The

The purpose was designed to study the dynamics of phagocytic

activity of leucocytes under conditions of extended and con-

tinuous exposure to a variable magnetic field (20 oersted, 50

Hz). The studies, performed with 128 white rats, were limited

to calculation of the indicators of absorptive and digestive

capacity of the neutrophils. The absorptive capacity of leu-

cocytes increases during the first 48 hours, the increase

being nearly statistically reliable after the first 12 hours.

By the third day, a statistically reliable decrease occurs.

Beginning with the fifth day differences between the experi-

mental and control groups practically disappear. The dynamics

of digestive capacity are slightly different. During the first

48 hours, a statistically reliable increase was noted (27-64%

greater than in the control group). By the third day, the dif-

ference was ,_=_s_=. A new increase in digestive capacity

occurring on the fifth day was normalized again by the begin-

ning of the seventh day. No clear correlation between the

number of leucocytes and digestive capacity was noted. (J.F.H.)

16. BRESSON, V., and A. BELLOSSI. 1969.

Etude preliminaire des effets d'un champ magnetique uniforme

sur le sang. [Preliminary study of the effects of a uniform

magnetic field on the blood.]

Bull. Soc. Med. Afrique Noire Lang. Fr. 14(3):612-614.

Washed red cells, plasma, and serum of citrated or heparinized

blood of different blood groups was subjected to the action of

a magnetic field varying between 3,000 and 7,000 gauss. The

effects obtained have been compared with blood elements sub-

Jected to the same manipulations but not exposed to a magnetic
field. The action of the magnetic field is manifest on the

leucocytes as well as the other blood elements; the hematocrit

is somewhat diminished; total blood density is not changed but

the plasma density is increased, and plasma viscosity is slight-

ly augmented. Many working hypotheses may be elaborated from

these results. (A.R.T.)
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17. BUSBY,D.E. 1968.
Magnetic fields.
In: E.M. Roth, ed. Compendiumof HumanResponses to the Aero-
space Environment.
Lovelace Foundation for Medical Education and Research, Albu-
querque, N. Mexico. 8 pages. Nov. N69-12434.

The effects of high and low gradient magnetic fields on human
performance are presented for space flight applications. Al-
though few humanexposures to a magnetically quiet environment
have been reported, limited experience has revealed no trace-
able ailment to such surroundings. It is generally held that
the magnitude of the geomagnetic field has remained steady
during the long evolution of the Earth, though its polarity and
strength have detectably changed. It is assumedthat living
creatures have becomeaccustomedto the field, and that some
biologic processes may be to somedegree dependent on it. The
known effects of high magnetic fields on manare tabulated. It
is stated that caution should be exercised in interpreting
these data to mean that the performance of manwill not be de-
graded in high magnetic fields. Recent studies using spider
monkeyshave indicated that neural and cardiac functions are
affected. Although a variety of biological effects have been
noted, no definite magnetic dose-effect relationship has been
established to date. (A.L.)

18. BUSBY,D.E. 1968.
Spacebiomagnetics.
Space Life Sciences i(i):23-63.

The effect of intermittent exposure of humanand subhumanor-
ganlsms to high-intensity, relatively low-gradient magnetic
fields during space missions was investigated. From past ex-
perience with personnel who enter high-intensity magnetic
fields for brief periods of time in their work, it is conclu-
ded that exposure to magnetic fields while servicing activa-
ted magnetohydrodynamicengines should not be hazardous to as-
tronauts. It is apparent that past exposures of manand sub-
htunansystems to high-intensity magnetic fields do not indi-
cate whether astronauts exposed for up to several days to mag-
netic field intensities associated with pure magnetic or plasma-
radiation shielding could suffer impairment of their health or
performance. Further studies will be necessary. (A.L.)

19. BYALOV,A.M., and P.I. SHPIL'BERG. 1969.
Vliyanie magnltnykh plei v usloviyakh proizvodstva na tsentral'
nuyu nerw_uyu sistemu. (Po dannymelektroentsefalografii).
[Effect of magnetic fields under industrial conditions on the
central nervous system. (ElectroencephalographJc data).]
Gig. Sanit.' 34(4) :30-35.



Electroencephalographic [eeg] examinations of 192 persons, ex-
posed to the action of magnetic fields in industrial environ-
ment, revealed functional changes in the CNS. Persons exposed
to the action of low intensity magnetic fields frequently showed
a short term desynchronization of the eeg (ist phase of high
excitation). Controllers of the production of constant magnets,
exposed to the action of high intensity magnetic fields and high
temperature, presented eeg with prevalence of synchronized
a-waves, and, in rare cases, of O-wave (2nd and 3rd inhibition
phases) . (A.L.)

20. CALDWELL,W.E., and F. RUSSO. 1968.
An exploratory study of the effects of an A.C. magnetic field
upon the behavior of the Italian honeybee (Apis me_l_f_ca).

J. Genet. Psychol. i13(2nd):233-252.

The stereotyped nodal behavior, which appeared in the pilot

study, reappeared in the exploratory study, proving that the

bee was reacting to the magnetic energy field. However, the

universality of this response under other magnetic fields,

e.g., direct current, and the nature of this response, whether

adient, aversive, or reflexive, still remain in question.

Further investigation into this behavior is warranted, for its

determination suggests a most practical dependent variable

for future studies of field effects on nervous activity within

biological organisms. (A.L.)

21. CASSIANO, 0., Q. CARTA, and S. TRONCONI. 1967.

Azione di campi elettromagnetici eul tasso glicemico in soggetti

normali e diabetici. [Action of electromagnetic fields on blood

sugar level in normal and diabetic subjects.]

Minerva Anest. 33:326-329.

Twelve normal subjects of both sexes, 18 to 49 years of age,

and 12 diabetics, age 16 to 78 years, were examined. The ar-

tificial magnetic field strength was about 33.8 gauss. Blood

sugar levels were measured before and after exposure to the

artificial magnetic field, to a positive electric field, and

to a negative electric field, the latter two having a gradient

of potential of i0,000 V/m. Results are shown in tables. In

normal subjects, blood sugar levels were lower after than be-

fore e_posure to all three fields, (magnetic field: 70 before,

63.9 after; positive electric field: 79 before, 71.9 after;

negative electric field: 72.58 before, 71.41 after). In dia-

betic subjects, statistical analysis showed values of 184.16

before and 182.83 after exposure to the magnetic field and

values of 176.41 before and 185.85 after exposure to a posi-

tive electric field. The significauce of these findings is

discussed. (A.R.T.)



22.

23.

CHACHAVA,K.V., L.I. CIIARKVIANI,T.G. ZIIGENTI,P.YA. KINTRAYA,
K.A. NISIINIANIDZE,A.A. LOMINADZE,and I.K. CHACHAVA.1969.
Changesin marrow hemopoiesis due to ionizing radiation and
chemical substances used in combating malignant tumors against
a background of magnetic field usage.
Soobshch. Akad. Nauk Gruz. SSR53(2):425-428.

Rats exposed to alternating magnetic fields, i0 min. daily for
i0 days, significantly increased the numberof leukocytes and
erythrocytes in comparison with 30 controls. Of 20 patients
between 38 and 73 years, with severe leukopenia due to radio-
therapy the sameprocedure improved the blood picture in 18.
The stimulating effect of a magnetic field on hemopoiesis is
discussed. (A.L.)

CHALAZONITIS,N., R. CHAGNEUX,and A. ARVANITAKI. 1970.
Rotation des segments externes des photorecepteurs dans le
champmagnetique constant. [Rotation of the external segments
of photoreceptors in a steady magnetic field.]
Compt. Rend. Acad. Sci. (Paris), Ser. D. 271:131-133. 6 Jul.

A suspension (Ringer's solution) of external isolated segments
of retinal rods from _le frog's eye was placed in a small dish
over the center of an electromagnet with a constant and uni-
form magnetic field of 20kilogauss strength. The apical and
mitoCnondrial (ruptured) ends of the rods face the magnctic
poles in either direction in an indifferent manner. When
magnetic fields of different strengths were tested, 80 per-
cent of the segments were completely oriented parallel to the
axis of the field at i0 kilogauss. An interpretation on the
effects observed is discussed. (A.R.T.)

24. CHAO, L., and D.R. WALKER. 1967.

Effects of a magnetic field on the germination of apple, apri-

cot and peach seeds.

Hortscience 2(4):152-153.

The magnetic field reduced the time required for germination

and increased the percentage germination of unchilled apple

and apricot seeds compared with untreated control seed. The

direction in which _e radicles were pointing while in the

magnetic field influenced the percentage of apple seeds germi-

nating. The magnetic field had no influence on peach seed

germination. Abnormal root growth of the apricot seedlings

occurred when given the magnetic field treatment. (E.M.D.)

25. CIIERNYSIIEV, V.B. 1968.

Vozmushcheniya zemnogo magnitnogo polya i biologicheskaya

i0



ritmika zhuka Trogodcrma. [Perturbations of the earth's mag-

netic field and the biological rhythm of the beetle Trogo-
derma. ]

Zh. Obshch. Biol. 29 (6) :719-722.

The daily rhythm of the beetle Trogoderma glabrum (Coleop-

tera, Dermestidae) was registered during 284 days under na-

tural light and constant temperature. 11_ese beetles were

active only during the day, but sometimes their activity

underwent noticable changes. These changes were statistically

correlated to days when the geomagnetic field was disturbed,

thus confirming Brown's hypothesis on the relation of biolog-

ical rhythms to geophysic factors. The biological rhythm of

Trogoderma clearly reflects some phenomena connected with var-

iations in activity of the sun. (A.L.)

26.

27.

CHERNYSHEV, V.B. 1970.

Psikhologicheskie oshibki pri opredelenii orientatsii hivykh

ob'ektov. [Psychological errors in the course of determina-

tion of the orientation of living objects.]

Zh. Obshch. Biol. 31(6):742-749.

The orientation of dermestid-beetles, Dermestes sibiricus Er.,

with respect to the geomagnetic field, as well as, a priori

random orientation of sunflower seeds thrown on a horizontal

surface have been de__rm._..ed by diffcrcnt means. The measure-

ment of orientation angles led to spontaneous errors and con-

centration of results near the main axes of the round scale.

When determining the orientation by photographs, an accumula-

tion near the main axes in every i0 and 5 ° is observed. Tile

orientation of the same objects with the direction of body

axis fixed during the experiment in the form of line showed

practically random orientation. Hence, the widely accepted

method of measurement of the orientation angle is not suitable.

(A.L.)

CONLEY, C.C., P.V. DROLL, W.J. MILLS, and P.A. CORSAUT. 1967.

Effects of magnetic fields upon biological systems.

In: E.J. Lufer, ed. Space Magnetic Exploration and Technology,

Symposium 28-30 Aug. 1967.

Nevada University, Reno, Nevada. p. 339-349.

A space magnetic environment simulation facility was used to

observe the effects of both nulled and high magnetic fields

on the activities of acid phosphatase, and of two other enzy-

mes, in vitro. Results showed the lack of any significant

effects by either the high or the low magnetic fields upon

all enzyme activities. A biological enzyme assay on mice

cells, placed within the nulled area of the activated coils

ii



during the incubation period, markedly reduced cellular en-
zyme responses to inoculation of a foreign bipolymer, in
vivo. (G.G.)

28. CONLEY, C.C. 1969.

Effects of near-zero magnetic fields upon biological systems.

In: M.F. Barnothy, ed. Biological Effects of Magnetic Fields.

Vol. 2.

Plenum Press, New York. p. 29-51.

The influence of near-zero magnetic fields upon biological

systems is studied as a basis for evaluating magnetic effects

on astronauts outside the terrestrial magnetic field. Techni-

ques used to produce low magnetic fields are considered, and

a number of in vivo and in vitro investigations are discussed.

As a result of the studies it is suggested than any biological

influence which magnetic fields do exert may be detectable

only in cases where a fairly prolonged exposure effects the

complex sequences of cellular or biochemical events, rather

than where an instantaneous application of a direct magnetic

force acts upon a single, specific chemical reaction. (G.R.)

29. CO_EY, C.C. 1970.

A review of _le biological effects of very low magnetic fields.

National Aeronautics and Space Administration, NASA-TN-D-5902,

Washington, D.C. 26 pages. Aug.

Studies of the effects upon living organisms exposed to magne-

tic fields lower than that of _e Earth are tabulated accord-

ing to taxonomic classification. Also included in the tabula-

tion are eleven studies of the effects of fields in the geo-

magnetic range. Some well controlled experiments appear to

have established that certain lower invertebrates, protozoans,

and plants are indeed sensitive to the vector of the ambient

magnetic field in the geomagnetic range, and that in nearly

null magnetic fields the growth, reproductive, aging, behav-

ioral and phagocytic functions of some species are affected.

Two studies of very low magnetic field effects are described

in detail; these show a reduced cytoenzyme synthesis rate in

vivo in mice, but no reaction change in vitro. (Author)

30. COOK, E.S., J.C. FARDON, and L.G. NUTINI. 1969.

Effects of magnetic fields on cellular respiration.

In: M.F. Barnothy, ed. l$iological Effects of Magnetic Fields.

Vol. 2.

Plenum Press, New York. p. 67-78.
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E_pperiments using intermittent fields measured the respiration

_f cells or tissues for alternate lO-minute periods with the

magnet off (control) and on (experimental) for a total of 2

hours. Field strengths of 80 Oe or higher lowered the respir-

ation of ascites Sarcoma 37 cells by 28.3%. Lower field

strengths, up to i0,000 Oe, produced no significant greater

effect. _e data on embryo mouse kidney and liver cells were

similar. The average respiratory depression for mouse embryo

kidney (85-5000 Oe) was 29.3%, and for mouse embryo liver (80-

I0,000 Oe) and young neonatal liver (i00 Oe) was 20.6%. The

respiration of adult mouse liver (i00, 5000 and i0,000 Oe)

or the livers of mice 8-9 and i0-ii days of age (i00 Oe)

were unaffected. Yeast respiration in a field < 85 Oe in-

creased by 40.0%. Field strengths of 70, 80, i00 and i000

Oe produced: no effect; 44.7% depression; 40.1% depression;

and, 42.9% depression, in HeLa cell respiration. The effects

of a magnetic field on the respiration of responsive tissues

appeared to be fully reversible under the conditions studied.

The author details the latest design of his respirometer.

(L.M.)

31. DANTU, P., A. GUELIN, P. LEPINE, and R.O. PRUDHOMME. 1967.

Multiplication des bacteries et des bacteriophages dans un

champ magnetique. [Multiplication of bacteria and bacterio-

phages in a magnetic field.]

Ann. inst. Pasteur (Paris) 112:649-651. May.

Observations were made in a magnetic field of 45,000 oersteds

on 5 microorganisms (Clostridium perfringer_ A, Salmonella

typhi, Sh_ella paradysenteriae, Escherichia eoli, and Staphy-

lococcus aureus) and 3 bacteriophages (typhoid, and coli-dys-

enteric types X-174 and C-16). The cultures were assayed

after 6 hours of uninterrupted multiplication in the magnetic

field. Under the experimental conditions used, the results

showed no evidence of an influence of the magnetic field on

the multiplication of the bacteria or the bacteriophages that

could be detected by the usual methods of titration. A study

of C1. per]h_inge_m, E. co,i, and Shigella in a weak field of

300 to 600 oersteds gave equally negative results, lq_e results

were based upon a single observation for each of the organisms

and bacteriophages. (A.R.T.)

32. DEGEN, I.L., and V.YA. POTASIINIK. 1970.

Izmenenie svertyvaemosti krovi v postoyannom magnitnom pole.

[Changes of blood coagulation in a constant magnetic field.]

Vrach. Delo 7:45-46.

Enhancement of human blood coagulation was observed 3.3 times

more frequently than reduction with magnetic field tension
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of 1500 oersted. No correlation was found between this
phenomenonand other factors. Experiments were continued to
detect minimummagnitude field tension still able to influ-
ence blood coagulation. (C.M.M.)

33. DEGEN,I.L. 1970.
Lecheniye travmaticheskikh otekov magnitnym polem.
field therapy of traumatic edema.]
Ortop. Travmatol. Protez. 31:47-49. Nov.

[Magnetic

This study reports on the results of treatment of 25 patients
suffering from traumatic edema. Study covered 20 womenand 5
men, varying in age from ua_der30 to over 60. Magnetic field
therapy was applied only after knitting of broken bones. The
magnetic field was applied using a locally madedevice powered
by 220v ac through a rectifier, with a distance between poles
of 80 mmand a field intensity of 450 oersteds. Without the
rectifier, the device produced a field intensity of 530 oersteds,
with 93 mmbetween poles. An electromagnet with an air gap
of 106 mmwas also used, creating a variable magnetic field
with an intensity of 450 0ersteds. In most cases (22) the in-
flammation began to decrease after one to three daily magnetic
field exposure sessions, reaching the greatest decrease between
the sixth and tenth days. The remaining edemadecreased more
slowly with subsequent treatment. The edemaof 18 patients
disappeared by the end of the course of treatment, that of 6
decreased sharply and only one patient, for whomthe course
of treatment was interrupted after Ii sessions, showed insig-
nificant decrease in edema. (J.F.H.)

34. DEGEN,I.L. 1970.
Pro mekhanizmvplivu magnitnikh poliv na biologichni sistemi.
[Mechanismof the action of magnetic fields on biological sys-
tems.]
Akad. Nauk Ukr. RSR,Visn. 34:39-43. Oct.

Description of ex_perimentsin which ergograms of muscular work
were taken on a Dubois ergometer in a group of 150 healthy male
and female persons who were subjected to the action of 450 or
530-oersted magnetic fields. Most of the subjects were unaware
of the purpose of the e.x_perimentsand all of them did not know
the time of the magnetic field actuation. Muscular contraction
data of the ergograms are treated by variational statistics
procedures. It is concluded that the action of a magnetic field
on the muscular activity of biological syste11_sis not related to
the generation of an emf. (V.Z.)
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35. DE(,EN,I.L. 1971.
l]_erapeutic effects of constant and low frequency alternating
magnetic fields.
Joint Publications ResearchService, JPRS-53091,Washington,
D.C. 9 pages, ii May.
(transl. of Vrach. Delo 3:124-128. 1971)

The biological and therapeutic effects of magnetic fields on
the humanorganism are discussed. Vario_Lsstudies are pre-
sented including the relationship of disturbances in terres-
trial magnetism and suicides in Zurich and Copenhagen,and
diuretic effect of water processed by a magnetic field. It
is concluded that existing data are sufficient to support the
recommendation to physicians to consider the biological and
medical effects of constant and low-frequency variable mag-
netic fields to expand the range of illnesses for treatment
by magnetic fields. (F.O.S.)

36. DELTOUR,G., A. PFISTER,and L. MIRO. 1969.
Realisation et action biologique des ambiances hypomagnetiques.
[Realization and biological action of hypomagnetic environments.]
Rev. Med. Aeronaut. Spat. 8(4):175-177.

Review of published information on laboratory methods of geo-
magnetic field suppression and on biological effects of expo-
sure to !ew magnetic fic!ds. The reviewed material is essen-
tially of U.S. origin and includes Beisc_herand Miller's work
with humansubjects (1962 and 1967), Conley's (1966) and IIal-
pern's (1966 and 1967) work with mice, plants, and microor-
ganisms. (M.V.E.)

37. DERNOV,A,I., P.I. SEh"KEVICH,and G.A. LEMESH. 1968.
0 biologicheskom deistvil magnitnykh polei. [Biological ef-
fects of magnetic fields.]
Voenno-Med. Zh. 3:43-48. Mar.

The present investigation established reliable and objective
parameters to be used in studies on the effect of magnetic
fields on humans. White rats, mice and rabbits were used in
the experiments. The animals were exposed to constant magne-
tic fields for periods lasting from four hours to I0 days,
with intensities of 300, I00 and 50 oersteds, and to alter-
nating magnetic fields of 50 c.p.s, frequency and intensities
of 50, i00 and 150 oersteds. Resu]ts of hematological and
morphological studies were presented and discu:;sed. An
analysis of the findings showedthat the constant magnetic
field produced marked biological effects with fields start-
ing at I00 to ]50 oersteds. Although large hematological
and morphological changes could not bc related to structural
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changes, the occurrence of a certain shift could be ex-
plained by the inhibition of some regulatory function of the
central nervous system. The preceding inferences need
further experimental corroboration. (F.P.)

38. DOLGOPOL'SKAYA,M.A., I.S. MENDELEEV,and L.V. VLADIMIROV.
1967.
K voprosu o deistvii magnitnogo polya na odnokletochnye infuz-
orii (ParameciumcaudatumSt.). [The effects of a magnetic
field on a unicellular infusorian (Parameaiumcaudatum St.).]

Biofizika 12(6) :1109-1111.

P. caudatum were subjected to a constant magnetic field al-

ternating at a frequency of 50 giga cycles. No gross changes

in the movement of the paramecia were noted; however, there

was a slight tendency for an alternating movement to prevail

over a more progressive directed movement. There were no ob-

served changes in the vitality of paramecia subjected to a

1050 oersted magnetic field for 10-30 rain. (D.M.G.)

39. DOROZHKINA, L.I. 1970.

Deistvie postoyannogo magnitnogo polya na energeticheskii ob-

men infuzorii. [Action of magnetic field on the energy me-

tabolism of ciliates. ]
£KTsitologiya 12 _v) :783-786.

Effect of a static magnetic field (intensity of i000 oersted)

was studied on a mass culture of P6u_amec_um oaudatum. The

static magnetic field is shown to decrease the glycogen con-

tent, and to increase the amount of lactic acid and the sen-

sitivity to 2,4-dinitrophenol of the infusoria. (A.W.B.)

40. DOSKOCH, Ya.E., V.Yu. STREKOVA, G.A. TARAKANOVA, and B.N.

TARUS OV. 1969.

Spontannaya sverkhslabaya khemilyuminestsentsiya rastenii v

svyazi s izmeneniem ikh zhiznedeyatel'nosti s postoyannom

magnitnom pole. [Spontaneous ultra-weak chemiluminescence of

plants in relation to cl,anges in their vital activities in a

stationary magnetic field.]

Fiziol. Rast. 16(2):272-278.

Spontaneous ultra-weak chemiluminescence (l_rL) emitted by

roots of 4-day-old bean plants grown in a stationary mag-

netic field (SMF) with a field strength of 62, 4000 or 12000

Oe was studied. %_ne SMF affected the intensity of the radia-

tion; we_k SMF enhanced the intensity of UWL and strong fields

suppressed it. The effect of a SMF of various strengths on

the life activity of plants was de,l,onstrated earlier by phy-
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siological, biochemical and cytological methods. A comparison
of the data obtained by these methods indicated a positive
correlation between the intensity of the I_L on the one hand,
and the energy efficiency of respiration, mitotic coefficient
and growth on the other. The unique relation between chemi-
luminescence and the energy efficiency of respiration was
particularly pronounced in the after-effect 2 days later. On
basis of the experimental data it is suggested that a magnetic
field disturbs steady state conditions of biological oxidation
and the activity of cellular anti-oxidants. Further changes
in the nature of lipid oxidation under the action of a SMF
apparently involves disturbance of nucleic acid and protein
synthesis which ultimately affects cell division and the
growth rate. (M.K.)

41. D'SOUZA,L., V.R. RENO,L.G. NUTINI, and E.S° COOK. 1969.
Effects of a magnetic field on DNAsynthesis by ascites Sar-
coma37 cells.
In: M.F. Barnothy, ed. Biological Effects of Magnetic Fields.
Vol. 2.
Plenum Press, NewYork. p. 53-59.

Exposure of ascites Sarcoma37 cells to a 7300 Oe magnetic
field for periods of 1-3 hours produces a decrease of DNA
synthesis of 18-24%as determined by the tritiated thymidine
uptake mcasured by autoradiography. The depression of respir-
ation by the magnetic field is of the samegeneral magn_itude.
These phenomenaare presumed to be the underlying cause of
the tumor growth-inhibitory effect of a magnetic field.
(M.M.N.)

42. DUNLOP,D.W., and B.L. SCHMIDT.1969.
Sensitivity of someplant material to magnetic fields.
In: M.F. Barnothy, ed. Biological Effects of Magnetic Fields.
Vol. 2.
PlenumPress, NewYork. p. 147-170.

Prolonged exposure to heterogeneous magnetic fields of 500-
4500 Oe may produce the following responses in adventitious
roots of allium, narcissus and coleus: inhibition of cell
reproduction followed by death of en_oryonic tissue and accom-
panied by senescence of all root tissue; anomalous develop-
ment of certain cells and tissues, including nuclear, cyto-
plasnkic, and cell wall abnormalities, with omission of some
normal developmental cell types. Pithophora, a less complex
organism, showed reduced and markedly abnormal growth of
filaments, accompaniedby premature and excessive formation
of akinetes. The authors concluded that magnetic fields of
a strength well in excess of the geomagnetic field generate
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an environment unfavorable to growth and normal development,
and promote early maturation and senescence of cells, tissues
and organisms. (L.M.)

43. EDLINSKIY,I.B. 1969.
Izmeneniya soderzhaniya nekotorykh microelementov v krovi
bol'nykh ostrym tromboflebitom nizhnikh konechnostey pod
vliyaniyem postoyannogo magnitnogo polya. [Changes in blood
content of trace elements in patients with thrombophlebitis
of the lower extremities under the influence of a constant
magnetic field.]
Vop. Klin. Lech. Zloka. Novoobraz. 34:520-524. Nov-Dec.

The author studied the content of two trace elements, iron
and copper, in the blood of patients with acute thrombo-
phlebitis of the lower extremities during the course of
treatment with a magnetic field of 200 to 400 Oe. _11emagne-
tic lines of force were directed parallel to the neurovas-
cular tracts. The initial duration of each procedure was 15
minutes, increasing by 5 minutes with each subsequent appli-
cation to a maximumof 30 minutes per day. The duration of
the course of treatment was determined by changes in the
capillaroscopic picture, oscillographic data, electrother-
mometry, biochemical analysis of the blood and the clinical
picture of the disease; generally, 25-30 trp_tments were
given. No other treatment was used° Patients observed in-
cluded 39 womenand 6 men, mostly between 30 and 60 years of
age. Analysis of the results indicated that acute thrombo-
phlebitis is characterized by a decrease in the total con-
tent of iron and an increase in the content of copper in
the blood. The application of a constant nm_etic field im-
proved the general clinical picture, caused an increase in
the iron content in the blood and a decrease in the copper
content. These changes indicate that the constant electro-
magnetic field had an effect on the organism as a whole,
(J.F.H.)

44. F_fLEN,S.T. 1970.
The influence of magnetic information on the orientation
of the indigo bunting, F_sc_i_a cy_a.

Anim. Behav. 18(2):215-224.

In this paper, the possible importance of geomagnetic infor-

mation for migrating orientation has been examined, using

the indigo bunting as the ex_erlmental subject. Three s_ries

of experiments were collducted: i) Caged buntings were placed

in a planetarium and the artificial sky was manipulated so

that magnetic and stellar north did not coincide. In this

case the birds oriented with reference to the stellar in-
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45.

formation. 2) Birds were tested for directional preferences
in a chamberwithout visual cues and failed to display any
directional tendency during or after nightly 8-hour runs
for 8 to 13 consecutive nights. 3) An attempt was madeto
train birds to respond to ch_iges in an artificial magnetic
field by meansof operant conditioning during the spring
and again in tile fall. Noevidence was obtained to indicate
that the indigo buntings could perceive and respond to direc-
tional changes in weak, static magnetic fields. (A.R.T.)

FARKAS,F., N. RACOVEANU,and G. GEORGESCU.1970.
Modificari morfologice ale nucleului lumfocitelor la per-
soane expuse actiunii cimpurilor electromagneticue. [Morpho-
logic alterations in the lymphocyte nucleus of persons ex-
posed to the action of electromagnetic fields.]
Igiena 19(5) :305-310.

Two groups of persons exposed to magnetic fields were stu-
died: the ist group (4 subjects) received a treatment with
pulsating magnetic field and the 2nd (i0 subjects) was ex-
posed to a more powerful continuous magmetic field (6-10 x
107 Oe). The incidence of binucleate, bilobate and lobate
lymphocytes was slightly higher in the 2nd group. The sub-
jects exposed to magnetodiaflux and 132I, previously studied,
exhibited a significant increase in lymphocytes with nuclear
alterations. The role of the magnetic field in the appearance
of lymphocytes with nuclear alterations is not clear. (M.F.)

46. FEDOROV,B.M., and V.S. NEVSTRUYEVA.1971.
Changesin the sympathecoadrenal system caused by expo-
sure in a permanent magnetic field.
Space Biol. Med., USSR5(2):53-59.
(transl. of KosmicheskayaBiologiya i Meditsina 5(2):38-42.
1971)

The effect of a permanent magnetic field on the sympathico-
adrenal system in rabbits was investigated. The experiments
produced a stimulating effect on the sympathetic nervous sys-
tem. 'IWenty-four hour exposure to hypokinetic conditions
considerably reduced the noradrenaline content in the hypo-
thalamus and myocardium, but exerted no effect on the adrena-
line content in the medullary layers of the suprarenals. Twenty-
four hour exposure to a permanent magnetic field of 1,000 Oe
prevented any decrease in the noradrenaline content in the
hypothalamus and myocardiumof hypokinetic rabbits. (Author)

47. FRIEDMAN, ll., R.O. BECKER, and C.tt. BACHM_XN. 1967.

Effect of ma,_:netic fields on reaction time performance.

Nature (London) 213(5079):949-950.
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Seated human subjects were positioned so that the cerebrum was

approximately at the center of transverse magnetic fields. In

a darkened room, each subject was instructed to press and

promptly release a telegraph key mounted on a lapboard after

the appearance of an eye-level red li_it 7 feet away. In one

experiment, steady state fields of 5 and 17 gauss were used

with 18 male schizophrenic subjects, 22 to 49 years of age.

No statistically significant effects on reaction time perfor-

mance was noted. In a second experiment, 30 clinically normal

male subjects, aged 19 to 32 years, were placed in 3 groups of

i0 each: control; subjected to a sinusoidally modulated field

of 5 to Ii oersteds at 0.i cps; or exposed to a similarly modu-

lated field, but at 0.2 cps. The data indicated that the effects

of the 0.2 cps condition were significantly different (P < 0.05)

from those in the 0.1 cps° In a third e_])eriment, 30 female

subjects, 17 to 40 years of age, were used in a design similar

to the second experiment. The same statistical significance

between the groups was found. In general, the findings indi-

cated that experimentally produced modulated magnetic fields

can significantly increase reaction time performance. (A.R.T.)

48. FRIEDMAN, H., and R.J. CAREY° 1969.

The effects of magnetic fields upon rabbit brains.

Physiol. Behav. 4(4) :539-541.

Rabbits were exposed to steady state and sinusoidally modula-

ted magnetic fields of several levels of flux density for v_ry-

ing periods of time up to 60 hr. In those cases in whicJl neuro-

pathology was found, the results were consistent with the pre-

sence of the endemic encephalitozoonosis colmnon to American

rabbit colonies. This is in contrast to the findings of other

investigators who attributed the histopatho]ogy directly to the

effects of the imposed magnetic fields.

49. GAGOSHIDZE, N.Sh., D.F. GUGUSIIVILI, T.G. ZHGENTI, K.N. KIIOMA-

SURIDZE, and S.N. TSAGARELI. 1969.

Vliyaniye peremennogo magnitnogo polya nizkoy chastatoty na vyra-

botku elektrooboronitel'nykh uslovnykh refleksov u belykh krys.

[Influence of variable low frequency magnetic field on develop-

ment of electric defense conditioned reflexes by white rats.]

Zh. Vyssh. Nerv. Deyatel'nosti 19(1):172-173.

Studies were perfo_ned on sexually mature white rats weighing

250 to 300 g. The conditioning stimulus was the light of an

electric lamp; the unconditioned stimulus was 30 v electric

shock applied through the floor of the chamber in which the

rats were kept. The conditioning signal was given for 15

seconds, followed by 5 seconds signal plL_ shock. The cur-

rent was turned off if the rats JL_nped up onto a shelf io-
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50.

51.

cated at a h_:dght of 7 cmover tile floor. Ten tests were
performed each day. A magnetic field of 3.75 Oe and 6.8 Hz
was applied to the ten rats in the experimental group each
day immediately before the conditioned reflex experiment. 9
other rats were not subjected to the influence of the magnetic
field and served as a control. The experiments showed that
the variable magnetic field accelerates the development of
the avoidance reflex. Tlie animals in the experimental group
developed the defense reaction with a probability of 0.9 after
8 days, while tile control animals required ii days to reach
this level of probability. (J.F.H.)

GAK,E.Z. 1967.
Biological effect of a constant magnetic field.
In: J. Cinovskis, ed. Morfol. _qlim. Izmen. Protsesse
Razv. Kletki, Dokl. Konf., Riga 1965.
Izd. Zinatne, Riga, USSR. p. 125-132.

The rate of chemical reactions does not change in magnetic
fields of up to 104 Oe; thus effects have low probability from
the point of view of thermodynamics. In spite of this fact,
the spatial distribution of metabolites and enzymesand mo-
bility of blood elements maybe changedwithout a change in
energetic balance. In a closed model system in which the
intensity of both magnetic and electrical fields were homo-
geneous and perpendicular to each other, the movementof a
strong electrolyte (H2S04) in the direction of acting force
was observed. In the non homogeneoussystem (both magnetic
and electrical fields are non homogeneous)the circulation of
electrolytes was observed, l_e velocity of electrolyte move-
ment and its fo_u were dependent on the intensity of fields,
viscosity, and geometric parameters of the system, l_e ef-
fect maybe explained by the fact that the energy of moving
particles is constant in a constant magnetic field_ but the
particle impulses are changed. The influence of a constant
magnetic field upon the blood and lymph circulation, and the
possibility of movementwithin the cell are discussed. (J.K.)

CALIANI, H.L. 1969.
Ionizing radiation and magnetic fields: A review of their ef-
fects on the nervous system.
Massachusetts Institute of Technology, Man-Vehicle Lab., Cam-
bridge, Mass. NASA-CR-107358.30 pages. Feb.

Data on the functional sensitivity of the nervous system to
ionizing radiation and magnetic fields suggest caution in pro-
longed humanexposure to such environments. Unfortunate]y,
these conditions are characteristic of those expected during
a space flight. Studies are thus needed to determine the
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nature and mechanism(s) of the nervous system's reactions to
these and other factors, and to investigate the degree to which
the astronaut's performance capabilities maybe affected. Such
knowledge would also prove helpful in determining protection
standards for occupationally e_posed personnel and in medical
research. (Author)

52. GEACINTOV,N.E., F. VANNOSTRAND,M. POPE,and J.B. TINKEL.
1971.
Magnetic field effect on the chlorophyll fluorescence in
Chlorella.
Biochim. Biophys. Acta 226(2):486-491.

The weak fluorescence of chlorophyll-a in the green algae
Chlorella pyrenoidosa has been found to be sensitive to an

external magnetic field. The red fluorescence of an in vivo

suspension of Chlorella cells may be either increased or de-

creased depending on the direction of the exciting light beam

with respect to the magnetic field. Experiments were carried

out in a coil solenoid magnet on 3 to 6-day-old cultures. The

magnetic field was homogeneous ; field strengths from zero to

145 kgauss were studied. The light source was a 100-watt

mercury lamp and the light was filtered with a band pass of

340 to 620 nanometers. _en the direction of the light beam

was parallel to the magnetic field of about 16 kgauss or more,

the chlorophyll-a fluorescence in C_z_2w_a py,:e_Loidosa could

be enhanced by 4 to 9 percent, and could be decreased by a

similar amount if the light beam was oriented perpendicular to

the magnetic field. The changes in fluorescence induced by

magnetic fields may be due to a reorientation of the pigqnent

molecules which may give rise to changes in energy transfer

efficiencies. Such orientation phenomena can be explained in

terrms of cooperative effects between molecu]es with aniso-

tropic magnetic susceptibilities, which are known to align

small muscle fibers and molecules in liquid crystals. (A.R.T.)

53. GIBSON, R.J., I°R. ISQUITH, and R.M. GOODI_DIN. 1967.

Blapharisma growth in "null" magnetic field.

Franklin Institute, Research Labs, Philadelphia, Penn.

CR-91399. 104 pages. 31 Jul.

NASA-

A slow-moving heterotrichous ciliate, Blepharisma intermedium,

was studied to determine the effects of a magnetic field on

cells. Since the culture included bacteria necessary as a

food supply for the BZ,_-_phar.isma, observed effects of the mag-

netic field mnst take into account the role played by the

bacteria. Even though the m_gnetic diminution may have af-

fected the growth of the Ble_phari'_ma, no drastic cyto]ogical

changes were observed. The only possible cytological differ-
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ence was that the cells grown under ambient conflltlons'"" seemed
slightly longer than those from the null field. If this is
actually the case, it maybe an indication that null field
cells are dividing faster and, therefore, producing slightly
smaller cells than the controls. Clonal frequencies and
averages are discussed, and data from 30 clonal experiments
are summarized. (M.W.R.)

54. GIBSON,R.J. 1969.
A monographon magnetic fields for life scientists. Vol. 2.
Franklin Institute, ResearchLabs., Philadelphia, Penna. NASA-
CR-I07483. 154 pages.

This report is a general compilation of materials related to
magnetobiology. Topics discussed include the dimensions and
unit systems of the magnetic quantities, fundamentals of
magnetic fields, the design of air core coils and permanent
magnet assemblies for producing magnetic fields, the Earth
as a permanent magnet, the design of shields to reduce mag-
netic fields, and the measurementof magnetic fields and
instrumentation required. (R.B.)

55. GLASER,R. 1968.
Elektromagnetische felder und belebte natur.
fields _.._'_.,_..i,. nature. ]
Natum.:iss. Rundsch. 21(10):434-435.

[Electromagnetic

The relationship of electromagnetic fields to living organisms
is reviewed with respect to 3 areas: the action of external
fields upon biological systems; fields as information carriers
for the control of life processes within an organism; and elec-
tromagnetic radiation as a meansof communication between or-
ganisms. (W.G.H.)

56. GOTTLIEB,N.D., and W.E. CALDkrELL.1967.
Magnetic field effects on the compassmechanismof the snail
Helisoma duryi endiscus.

J. Genet. Psychol. 111:85-102. Sep.

This investigation was undertaken: to test the theory that a

very weak magnetic field is a significant part of an organ-

ism's environment; to attempt to achieve results concerning

orientation effects elicited by magnetic fields of different

strengths and orientation; and, to present evidence of the

importance of time of day and month as significantly differ-

ential environmental factors. Ten conm_on aquarium snails

served as subjects throughout the experiment. They were run

in approximately 115 trials in an apparatus devised for the
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'\,_hole-compass" teclmique under each of the 4 field conditions:

Earth field (control), augmented field (oriented North), rever-

sed field (oriented South), and East-West field. Three times

daily, between 8 and I0 A.M., ii A.M. and 1 P.M., and between

4 and 6 P.M., for 3 weeks the snails were individually run in

a 1.5 oersted artificial magnetic field of the 3 orientations.

Directional behavior and activity level were considered to be

indicants of experimental effects. A definite difference was

found between the activity levels produced under the conditions

of the augmented and reversed fields, and under tllose of the

augmented and East-West fields; a definite trend towards a dif-

ference between the Earth's field and reversed field conditions

was also found. The activity level of the ii A.M. to 1 P.M.

distribution was statistically significantly different from

the other time distributions. Statistically significant dif-

ferences in directional behavior were found between the 9 to

i0 A.M. and ii A.M. to 1 P.M. distributions and between the

ii A.M. to 1 P.M. and 4 to 6 P.M. distributions, but, not be-

tween the 8 to i0 A.M. and 4 to 6 P.M. distributions. (A.R.T.)

57. HABERDITZL, W. 1967.

Enzyme activity in high magnetic fields.

Nature (London) 213(5071):72-73.

To study the magnetocatalytic effect of L-glutamic dehydroge-

nase (GDH) the following reaction: catalyzed by GDII was uscd:

2-oxoglutarat_ + anmmnia + reduced nicotinamide-adenosine di-

nucleotide > glutamate + nicotinamide-adenine dinucleotide +

water. Temperatures ranged between 20-25°C. In the case of

catalase the influence of magnetic field on activity was

dete_nnined by the catalytic decomposition of hydrogen peroxide.

The experiments were carried out both in a uniform magnetic

field (variation of 3% over the sample length of 4 cm.) and an

a non-uniform field (variation of 30% over 4 cm.). From the

tabulated results it appears that for GDH in a uniform field

decrease in activity between 5% and 12%, in a non-uniform field

it reached very high values. Appreciable increases in catalase

activity in the magnetic field were observed, especially for

non-uniform fields. (P.G.)

58. ILANNEMAN, G.D. 1967.

Changes produced in urinary sodium, potassium, and calcium ex-

cretion in mice exl)osed to homogeneous electromagnetic stress.

Aerosp. Med. 38(3) :275-277.

Female mice were exposed to a homogeneous magnetic field of

14,000 Oe. for 24 hours. Twenty-four-hour urine samples ob-

tained before, during, and after exposure were analyzed for

Na+, kq', and Ca 2+ concentrations by flame spectrophotometry.

24



l]_e meanconcentration of the ions after exposure increased
from that before exposure: Na+ from 2.34 to 4.29; K+ from
9.14 to 14.59; and, Ca2+ from 0.083 to 0.138 mg./cc. _e
changes for Na+ and K+ were statistically significant.
(L.N.E.)

59. HANNE%IAN, G.D. 1969.

Changes in sodium and potassium content of urine from mice sub-

jected to intense magnetic fields.

In: M.F. Barnothy, ed. Biological Effects of Magnetic Fields,
Vol. 2.

Plenum Press, New York. p. 127-135.

Exposure of female mice to a magnetic field increased the uri-

nary excretion of Na and K; the magnitude of this effect de-

pended on the intensity of the magnetic field and the duration

of the exposure. The change in urinary cation output is

thought to reflect a change in the gradient of electrical po-

tential or concentration gradient across the cell membrane.

(M.M.N.)

60. HEFCO, V., C. BIRCA, and M. HABA. 1969.

Metabolic modifications in rats under the influence of magnetic
fields (m.f.) with different characteristics.

Rev. Roum. Biol. Ser. Zool. 14(3):227-236.

The modifications of lactic acid, pyruvic acid and glycemia are

presented under the influence of magnetic fields of different

intensities, of different magnetic doses, of different modes of

orientation of the mf lines of force, and of various intervals

between treatments. _e conclusion reached is that non-uniform

mf produce greater biological effects than uniform ones. Mag-

netic fields generated by an alternating and pulsatory current

produce greater biological effects than continuous ones. With-

in certain mf intensity limits, the organism responds in a con-

stant manner. (K.M°E.)

61. HONG, F.T., D. MAUZERALL, and A. MAURO. 1971.

Magnetic anisotropy and tile orientation of retinal rods in a

homogeneous magnetic field.

Proe. Nat. Acad. Sci. U.S. 68(6):1283-1285.

The reported orientation of retinal rods in a homogeneous mag-

netic field can be ex]_lained by the magnetic anisotropy of

oriented molecules in tile disc membranes of the rods. The

energy of a single rod as a function of orientation in the

magnetic field, the time required for alignment of the rod in

a viscous medILun, and the fluctuations of orientation are cal-
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culated. Arguments that rhodopsin is the constituent respon-
sible for the effect are given. The possibility of orienta-
tion due to inhomogeneity of the magnetic field is ruled out.
_Le application of magnetic anisotropy as an experimental tool
in biology is indicated. (L.P.)

62. IVANOV-MUROMSKIY,K.A., and A.I° LUKHACHEV.1967.
Vliyaniye postoyannogo magnitnogo polya na krov' i tsentral'
nuyu nerwluyu sistemu cheloveka i zhivotnykh. [Influence of
constant magnetic field on blood and central nervous system of
man and animals. ]
In: Certain Problermsin Biocybernetics, The Use of Electron-
ics in Biology and in Medicine (Collection of Articles).
Foreign Technology ])iv., Wright-Patterson AFB, Ohio. FTD-MT-
24-291-67. p. 69-75. AD-678472.
(transl. of Seminar Nekotorye Problemy Biokibernetiki, Prime-
nenie Elektroniki v Biologii i Meditsine, Kiev, no. i, 1967.)

During the application of a permanent magnetic field, (field
strength 7000 G) to the central nervous system of rabbits, there
were noticable changes in the blood picture, a decrease in the
rate of erythrocyte sedimentation and hemoglobin content and
a sharp increase in the numberof leucocytes; in the character
of the electroencephalogram, appearance of slow oscillation
"spindles"; and, in the histological structures of the brain,
perivascular edemaand sometimes a loss of myelin fibers. The
only observed influence of a permanent magnetic field on the
brain of manwas an increase of the threshold of sensiti\rity
to electrical stimulus and fatique-strength to pain. The mag-
netic field did not affect the body temperature of either man
or animals. (L.A.)

63. JITARIU, P., J. MATHILDE,and M. ISAC. 1967.
Effect of uninterrupted pulsating electromagnetic fields on plas-
maprotein fractions and the coagulation process in the rabbit.
Rev. Roum.Biol., Ser. Zool. 12(2):91-95.

An uninterrupted pulsating magnetic field was applied each day
for three minutes with north oriented toward the head. ll_e
total protein ]evel was reduced 4.38 g. in 5 days, with the
greatest decruase in albumins and y-globulin. The Howel test
for coagulation showedan increase after 5 days. The Quick
time, preaccelerin time, and proconvertin time were increased
after i0 days. Modifications appeared in the reactivity of the
proteins, as measuredby changes in fixed sugar. Blockage of
the reticuloendothelial system by Largacti] caused a decrease
in tot_] proteins, mostly of albumins. After a magnetic field
was app]ied to these animals the general picture of total pro-
teins was not changed, but the globulin fractions oscillated.
(V.Z.)
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64 JITARIU, P. and I MIHAIL. ]068
Effect of a pulsing magnetic field on the oxidative phosphoryla-
tion of an albino rat brain affected with audiogenic convulsion.
An. Stiint. Univ. "AI. I Cuza" Iasi, Sect. 2a, 14(1):1-6.

Rats susceptible to audiogenic stimulation were ex_posedto a
pulsing magnetic field (PMF)of low intensity and low fre-
quency for 5-10 days at 15 min. a day. Exposure to a PMFre-
sulted in changes in the seizure patte_-ns, and in ]? and 0 con-
tents of the brain as well as in the P/O ratios. Seizures
were markedly less violent and both clonic and clonic-tonic
phases decreased in favor of the resting period. The P/O
ratio was significantly increased after 5 exposures to a PMF.
After i0 days of treatment the P/O ratio, however, decreased
(not significantly). Oxidative phosphorylation processes in
the mitochondria from the brains of rats are discussed.
(V.N.N.)

65. JITARIU, P., V. HEFCO, E. HEFCO, C. BIRCA, and R. BRANDSCH.

1968.

Effect of magnetic fields on carbohydrate metabolism. II.

feet of magnetic fields on sugar level, lactic and pyruvic

acids in guinea pig blood.

An. Stiint. Univ. "AI. I Cuza" Iasi, Sect. 2a, 14(1):7-13.

Ef-

G_inea pigs were exposed to magnetic fields (M_F) of 3 sec. on_

1 sec. off, for 5 rain./24 hrs. fer 5-15 days. Lactic acid (I)

pyruvic acid (II) and blood glucose (III) levels changed fol-

lowing exposure to MF depending on the length of treatment.

Max. I and II values were fotn_d after 5 days; max. III values

were found after i0 days. The biological effects of MF on

metabolic and neurosecretory regulatory systen_s are discussed.

(V.N.N.)

66. KATOLA, V.M., and A.N. KOVALEVSKAYA. 1970.

Dinamika eksperimental'noi breslavl'skoi infektsii 11 belykh

myshei pod vliyaniem postoyannogo magnitnogo polya. [Dynamics

of experimental infection with Salmonella b_,csla_ in white mice

exposed to the effect of permanent magnetic field.]

Zh. Mikrobiol. Epidemiol. Immunobiol. 47(10) :142-143.

Two experimental g1"oups of white mice were kept in a constant

magnetic field with the reluctance on the magnetic poles of

2500 oersted. One group was infected with S. 7__r_'_laz{shortly

before it was placed in the magnetic field; the other group was

infected after i0 days of exposure to the magnetic field. A

control group was infected simultalleously and kept under normal

conditions. Clinical si_%_Is of disease occurred in the experi-

mental groups 2 days later and the intensity of multiplication
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of bacteria ',,as lower due to the blockage of bacteria in
mesenteric lymph nodes following peroral infection. (O.B.)

67. KATOLA,V.M. 1970.
Vliyanie postoyannogo magnitnogo polya na chuvstvitel'nost' k
antibiotikam bakterial'noi populyatsii. [The effect of a per-
manent magnetic field on the sensitivity of bacterial popula-
tions to antibiotics.]
Antiobiotiki 15(5) :421-422.

Bouillon cultures of strains of white nonpathogenic Staphylococ-

cus, yellow SarciT_, Staphylococcus aureus 209 P, Escherichia

coli AB247 and P678 and Salmonella bre.slau strain Lt 2 were put

in a constant magnetic field at an intensity of 2500 oersteds

for up to 30 days. In addition the sensitivity for penicillin,

streptomycin, levomycetin [chloramphenicol], tetracycline,

erythromycin and neomycin of E. coli taken from white mice and

rats and S. breslau and golden Staphylococcus taken from the

organs of dead mice was studied after exposure to a magnetic

field of 1400-2500 oersteds. The sensitivity of white Staphylo-

coccus to antibiotics did not change with uninterrupted culti-

vation for 30 days. With 12 passages in the magnetic field

there was a significant increase in sensitivity to erythromycin.

A correlation between the presence of 'hearty" growth and sen-

sitivity to antibiotics was found in 246 substrains of yellow

Sarcina. In the magnetic fJ eld Sarcina had heightened sensi-

tivity in the stm_mer, but in winter its resistance increased

compared to the control. Resistance to streptomycin and levo-

mycetin appeared in E. coli from "magnetized" animals starting

on the 15-16th day in the magnetic field. A greater length of

time did not increase resistance. E. coli bouillon culture

in the magnetic field did not differ from the control in sen-

sitivity. Analogous results were observed with S. breslau

and golden Staphylococcus. (N .L. G. )

68. KEETON, W.T. 1971.

Magnets interfere with pigeon homing.

Proc. Nat. Acad. Sci. 68(1):102-106.

The effect of magnets on the homing behavior of pigeons was re-

investigated. Each of the tests described in this paper con-

sisted of releasing alternatively, individual pigeons from 2

groups; the experimental birds had a 2.7 g. magnet glued, just

before release, to the back at the base of the neck, and the

control birds wore a brass bar of similar size and approximately

the same _,'eiF,ht, 3.2 F,- The strength of the magnets wa,_; about

255 F,au:;s (oersteds) at the poles; the fie]d strength at the

bird's head was roug,hly 0.45 _y_uss. Tests seemed to indicate

that magnets do not u,;ually disorient cxperJenced birds when the
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sun is visible (at ].cast at short distances), but that they us-
ually do cause disorientation at unfamiliar release sites when
the sun is not visible. In tests with experienced young birds,
disorientation was often causedby the magnets when the test
flights were madein sunlight and there was also some indica-
tion of disorientation in experienced pigeons when the sun was
visible but the distance was longer. It is concluded that if
further research proves that magnetic cues are used by orient-
ing birds, it seems clear that such cues, and the solar cues
that are already known to be used, will not provide a full ex-
planation of the birds' orientation system. (A.R.T.)

69. _IOLODOV,J.A., M.M. ALEXANDROVSKAYA,S.N. LUK'YANOVA,and N.S.
UDAROVA.1969.
Investigations of the reactions of mammalianbrain to static
magnetic fields.
In: M.F. Barnothy, ed. Biological Effects of Magnetic Fields,
Vol. 2.
PlenumPress, NewYork. p. 215-225.

Conditioned reflex, electrophysiological, and histological
methods were used to investigate the initial reactions of the
rabbit brain to static magnetic fields (SF_F). The electro-
defensive conditioned reflex was produced in response to a
lO00-Oe SMF,although slowly. The properties of this reflex
were weaker than those of the acoustic conditioned reflex.
The electroencephalogram (EEG)tracings showedan increase in
tile number of spindles and of slow waves, patterns which are
indicative in appearance of a certain phase of sleep in the
mammalianbrain. Analyses of data by several methods confirm
that the SFLFincreases the amplitude and often decreases the
frequency of the biopotentials of the mammalianbrain. Local
responses from various regions of tile brain and tile response
of individual neurons were studied and are discussed. The ef-
fect of the SF_ on neuronal activity stimulated by light and by
sound is discussed. The main peculiarity of the reaction of
the mammalianbrain to an SMFis the predominance of the inhi-
bltory process, and tile second is its latent period. The third
peculiarity is the long-term effect which was noted in tile reac-
tion of the glia to tile SHF. (A.R.T.)

70. FdlVEDELIDZE,M.A., M. Sh. LOMSADZE,N.B. SIIARASIIIDZE,and M.N.
CIIIULLESIIVILI. 1968.
Magnetic effect during photosynthesis.
Soobshch. Akad. Nauk Gruz., SSR51(3) :693-696.

PretreaLment of wheat Upkho-I seeds in a n,aF,netlc field of 2000
Oe. by the orientation of the germinal part of the seed to the
south pole for 30 minutes caused a more intensive growth of the
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plant and a greater absorption of CO2 by the l_:_aves. Seed or-
ientation perpendicular to the magnetic field has a smaller
effect. (K.K.)

71. _IVEDELIDZE,M.A., S.I. DUMBADZE,M. Sh. LOMSADZE,and N.A.
DATEVASHVILI. 1968.
Issledovanie orientatsii semyanrastenii v postoyannommagnit-
nompole do nachala i_i prorastaniya. [A study of the orien-
tation of plant seeds in a constant magnetic field before the
beginning of sprouting.]
Elektron. Obrab. Mater. 1:58-66.

Dry wheat seeds suspended on fine silk threads were oriented
along the lines of force in a magnetic field of 250-1000 oer-
steds. The embryo side of the grain usually deviated toward
the north pole. After dry wheat and barley seeds had been ex-
posed for 30 minutes in a 200-oersted magnetic field, they
showeda higher gemnination rate (8 of 9 seeds geminated, as
contrasted with 6 control seeds of 9); there was also height-
ened resistance to stress in liquid N and boiling water.
Seeds which had been placed in a magnetic field were found to
contain growth stimulators (IAA) and inhibitors and, in addi-
tion, larger amounts of ash elements, especially Fe (twice as
muchas in controls) and _ (i0 times as much). (K.B.)

72. KOGAN,A.B., L.I. DOROZHKiNA,and E.M. ¥OLYNS_\YA. 1968.
Vliyanie postoyannogo magnitnogo polya na fagotsitarnuyu aktiv-
nost' parametsii. [Effect of static magnetic field on the
phagocytic activity of paramecia.]
Tsitologiya 10(10):1342-1348.

Parameci_n caudatum were ex_posed to the action of a magnetic

field (tension from 75 to 3000 oersted). The phagocytic ac-

tivity of the ciliates becomes higher as the tension of the

magnetic field was found with the tension of i000 oersted.

The sen,_itivity of the ciliates to the magnetic field changes

significantly witJl the growth of the culture. The largest

sensitivity wmq found in 1-day cultures during the phase of ex-

ponential growth, when the threshold of the action of magmetic
field was i00 oersted. With the aging of the mass culture, the

threshold increased to 125 oersted. (D.M.G.)

73. KOLIN, A. 1968.

Magnetic fields in biology.

Physics Today 21(11):39-50.

Constant magnetic fields have been shown to affect p]ant growth

and animal dew_lopment; alternating magnetic fields have been
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74.

used to stimulate nerves and to evoha visual sensations; and,
activity of nerves and muscles has been known to be accompan-
ied by transient magnetic fields. Magnetotropism in plants is
discussed and illustrated, l_le effects on Drosophila mclano-

gaster development and inheritable characteristics of homo-

geneous and nonhomogeneous magnetic fields are discussed.

Magnetic field fluctuations in the human retina, heart, brain,

and nerves; blood flow determination by electromagnetic flow

transducers; electromagnetophoresis, and electromagnetokinetic

effects are discussed. The review is concluded with a brief

reference to the most sophisticated use of magnetic fields in

biological research - the biological applications of nuclear

magnetic resonance and electron spin resonance. (A.R.T.)

KOLIN, A. ]970.

Electromagnetic separation of biological particles.

California Univ., Los Angeles, California, final technical

report, 1 May 1960-31 August 1969. N70-42225. ii pages. 13 Aug.

The project began with the general objective of utilizing elec-

tromagnetic forces in biological research methods. The phenom-

enon of electromagnetophoresis was discovered and explored. The

possibility of stimulating irritable tissues without electrodes

by alternating magnetic fields was demonstrated. The method

of electromagnetic determination of blood flow was further de-

veloped and has become a standard method in biological and med-

ical research, and in operating room blood flow measurements

on human patients. The main investigations led to the concep-

tion of the method of isoelectric focusing which is now widely

used in biochemical research for protein analysis. Combination

of electric and magnetic fields in a new configuration led to

the development of the rotationally stabilized method of end-

less fluid belt electrophoresis which has high resolving power

and is applicable to macromolecules as well as biolog:Tcal par-

ticles, l_is method is now being refined to use in measurements

of electrokinetic properties of microorganisms. (Author)

75. KORDYUKOV, E.V. 1969.

Magnitoterapiya bol'nykh obllteriruyshchimi zabolevaniyami peri-

fericheskikh sosudov. [Magnetotherapy of patlcuts suffering

from obliterating diseases of the peripheral vessels.]

Vop. Kurortol. Fizioterap. 34:227-229. May-June.

The authors haw_ _ developed an apparatus (not described) which

creates an even magnetic fkeld over the entire length of an ex-

tremity or individual seg,_cnts of the extremity without heating

and vibration, wlth the mal',netic lines of force directed along

the neurovascular tracts. 87 patients suffering from athero-

sclerotic damage to the perlpher;,l arterief_ and 92 patJ ents
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with endarteritis were subjected to a course of treatment in-
volving daily application of the magnetic field for from 5 to
15 minutes for 30 days. The treatment resulted in a general
improvement of the hemodynamicsof the lower extremities, mani-
fested as a tendency toward normalization of oscillographic in-
dicators and skin temperature, a decrease in pain and chill sen-
sations, increased ability to walk without pain and improved
general condition of the patients with obliterative diseases of
the vessels of the lower extremities. (J.F.II.)

76. KUGOT,A.S., V.I. ORESHKO,and E.F. BOCHAROV.1969.
Izuchenie deistviya postoyannogomagnitnogo polya na fermenta-
tivnuyu aktivnost' kishechnoi palochki. [Studies on the effects
of a constant magnetic field on the enzymatic activity of the
colon Bacillus. ]

Izv. Sib. Otd. Akad. Nauk SSSR Ser. Biol. Nauk 3:].37-138.

Cultures of Escherichia coli, strain B, were subjected to a con-

stant magnetic field of 150 oersteds during cultivation. The

cultures were incubated at 37°C and transferred every day. The

cultures lost the ability to produce indole after 2 days expo-

sure to the magnetic field and the ability to form H2S after 8

days. The ability of the organisms to degrade carbohydrates

was decreasing during this time. The strain could utilize

suc_tose wikh the formation of _u_', lactose, mannitol and glu-

cose were fermented to acid and gas prior to the exposure. The

ability to form gas from lactose was lost after 2 days of exqpo-

sure, glucose was not fermented after 8 days and none of the

sugars could be degraded after 12 days. (R.W.)

77. LEBEDEV, V. 1968.

Scientist reviews problems of space psychology.

In: Problems of Space Research Investigated.

Joint Publications Research Service, JPRS-46446, New York.

p. 1-12. 18 Sep.

(transl. of Nauk i Zhizn 3:25-29, ii0-iii. 1968.)

Psychophysiological factors affecting interplanetary spacecrews

are reviewed. The electromagnetic field influence on mental

processes is examined, and it is hypothesized that a system of

bioelectrical potentials, located on body surfaces, interacts

with the Earth's magnetic field. A general physiological

mechanism of a condi.tioned time reflex (biological clock) is

considered in temm_ of the effect of the pulsating geomagnetic

field. An understanding of these phenomena is necessary to ex-

plain the effc.cts of the absence or variations of t(,rt'L,strial

magnetism on the proce.sses of cosmonauts. An evaluation of the

periodical rhythm of plant and animal life actlv|tic,'_ and its

interruption led to the conc]u>'Jon theft:n ._:ottndrhytl_m activity
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must be established for crew membersto maintain high operational
capabilities and to raise the reliability of the man-automaton
system. (B.P.)

78. LEISLE, V.F., and A.V. NIKULIN. 1967.
Vliyanie magnitnogo polya nizkoi nap_azhennosti na rostovye
protsessy kukuruzy, podsolnechnika i sakharnoi svekly. []_e
effect of a low-tension magnetic field on the growth processes
of corn, sunflower, and sugar beets.]
Zap. Voronezh. Sel'skokhoz. Inst. 34:113-115.

Dry corn and sunflower seeds, oriented with their radicle toward
the south magnetic pole of the Earth or of a magnet, sprouted
1-2 days earlier than did controls, but seeds oriented toward
the north did not differ from controls. The stimulation of the
sprouting of the seeds caused an intensified growth rate of the
seedlings. The action of an artificial magnetic field of higher
power (20 ergs) than that of the Earth (0.5 ergs) caused a stron-
ger reaction. There was a 35%increase in the respiration rate
of sugar beet leaves in the magnetic field of a Helmholtz ring.
(K.B.)

79. LEVENGOOD,W.C. 1967.
Morphogenesis as influenced by locally administered magnetic
fields.
Biophys. J. 7(3):297-307.

An alteration in morphogenetic development induced in Drosophila

mela_ogaoo_.e_ , pupae by exposure to a magnetic probe was shown to

persist for more than 30 generations. With succeeding inbred

crossings, an initial increase in the time of development

through the embryonic and posten_ryonic stages gradually ap-

proached the level found in control cultures. As the develop-

ment time decreased, a concomitant increase occurred in the

yield of progeny. The pattern of morphogenesis suggested a con-

dition of homeostasis operatJn_ in an oscillating epigenetic

system. The concept of a feedback control mechanism was em-

ployed to examine details of the alterations in development time.

l_e data was compatible with this mode, and rates of recovery

from an initial perturbation were determined in several series

inbred for a large number of generations. Variations in rate

constants and mechanisms involved in the magnetic field inhi-

bition are discussed. (Author)

80. LIBOFF, R.L. 1969.

Biomagnetic hypotheses.

In: M.F. Barnothy, ed.

Vol. 2.

Plenum Press, New York.

Biological Effects of Magnet_'c Fields,

p. 171-176.
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Two rules of thumb are stated for standard magnetoactive diffu-
sion which appear to rule out tile possibility that a magnetic
field can influence the state of a cellular system through a
mechanisminterfering with the ionic diffusion process: l)
magnetic fields interact with charges in motion; and, 2) the
orbit of a charged particle in the presence of a steady magne-
tic field is helical. '11_ese facts are discussed in relation to

the assumption that the growth process of cells is related to

the diffusion mechanism of dissociated salts across the plasma

membrane and the nuclear membrane. In view of the severe cri-

teria developed, it might be supposed that only the most gi-

gantic of magnetic fields could influence the growth dynamics

of a cell, via the mechanism of interfering with the ionic dif-

fusion process. However, one must consider the effects of a

potential difference which is known to exist across the cell

membrane of many cells. Formulae and equations are developed
and discussed with relation to the diffusion of ions across

the membrane when a superimposed steady magnetic field is turned

on and when turned off. Experimental evidence seems to indicate

that, when placed in a uniform magnetic field, the roots of cer-

tain plants tend to reorient then_selves with respect to the

magnetic field. This effect is discussed in tern_s of magnetic

moment, torque, and strength of surface current. (A.R.T.)

81. LIKHACHEV, A.I. 1968.

Vliyanie - ^_.........Fo±7_ postoyannogo elektromag_ita na u;nam±ku krovouoma

teplokrovnyhh. [Effect of constant electromagnetic fields on

blood flow dynamics in warm-blooded animals.]

Elektron. Obrab. Mater. 1:75-80.

A constant msgnetic field hss an inhibiting effect on the blood

flow process in warm-blooded animals. Since tissue, intracellu-

lar fluid and integument have a permeability of unit order,

this cannot explain the effect on the blood flow dynamics under

strong fields. A cohesiveness in the blood was noted during dif-

ferent currents of blood flow. (R.Z.B.)

82. LIKIIACHEV, A.I. 19 69.

Changes in the erythrocyte sedimentation rate of rabbits due

to exposure of the central nervous system to a constant mag-

netic field.

In: M.F. Barnothy, ed. Biological Effects of Magnetic

Fields, Vol. 2.

Plenum Press, New York, p. 137-145.

The effect of a constant ma_netlc field on the b]ood picture

of rabbits was investigated. The expos,re of the rabbits to

a 5000 Oe field in the presence of _In intensive inf]a_mnatory

process (when the erythrocyte sedimentation rate becomes
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greatly increased) led t:o a ve_). rapid normalization of the
ESR. The leukocyte count rose muchmore rapidly in rabbits
exposed to the magnetic field, seeming to follow the extent
to which the inflanmlatory process subsided more rapidly.
The blood hemoglobin concentration appeared to fall in the
magnet-group rabbits; however, this tendency must be ex-
amined further before conclusions maybe drawn. The action
of the magnetic field exerted control on the circulatory
system through the centers of the central nervous system,
especially the medulla and the diencephalon. The author
suggests that the study of blood changes produced by magnetic
fields could prove useful as a diagnostic tool in diseases

of the circulatory system and other related systems.

(L.M.)

83. LINDAUER, M., and H. }_RTIN. 1968.

Die schwereorientierung der bienen unter dem einfluss des

Erdmagnetfeldes. [The Earth's magnetic field affects the

orientation of honeybees in the gravity field.]

Z. Vergl. Physiol. 60(3):219-243.

The direction in the waggle dance on a vertical comb is

influenced by the Earth's magnetic field; the regularly small

deviations in tile dance disappear as the magnetic field is

compensated to 4%. Fluctuations in the total intensity of

about lO00 gamma influence tile deviation; this is also the

case if the bees are forced to change their uanc_ng_" an_e_' in

relation to the lines of force of the magnetic field by

turning the dancing platform around its vertical axis.

Amplifications of the magnetic field up to 13 times the geo-

magnetic field result in a more pronounced dispersion re-

garding the indication of the direction. After compensation

of the Earth's magnetic field, faultless dances were stated

only after a period of _'Qadjustm_nt. (Aut:hors)

84. LUCA, L., O. ROSCA, N. C}IITAN, and C. RUSU. 1967.

Influenta cimpului magnetica supra cresterii larvelor si a

productiei de matase la Bombyx _ior_'. lille influence of the

magnetic field on the growth of the larvae and on silk pro-

duction of Eo_._y._ lzzo):_[- • ]

Inst. Agron. Ion. Ionescu. Brad. Iasi. Lucr. Stint. 1967:

381-387.

Low-frequency and low-intensity pulsatiw _.maF.netic fields

affect the development of the l_i_'vae, and the cocoon pro-

duction in l_o_',J_$j_cmor,_. Depending on the dur;ition, :inten-

sity and the stages of application, the effect of thc_;e

fields can be either stJmulatory or inhibJtory. 3 days

after the start of incubation, the eggs and larvae were
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subjected daily for 20 rain. to the action of a 3.5 gauss
magnetic field. This treatment brought about a 10%
increase in silk output. (B.G.)

I

85. LUK'YANOVA, S.N. 1967.

O vliyanii postoyannogo magnitnogo polya na bioelektrich-

eskiyu aktivnost' razlichnykh obrazovanii golovnogo mozga

krolika. [Effect of a constant magnetic field on the bio-

electrical activity of different formations of the rabbit

b rain. ]

Zh. Vyssh. Nerv. Deyatel. Im. I. P. Pavlova 17(4):722-729.

Ex_periments on rabbits with chronically implanted elec-

trodes have shown that the summated bioelectrical activity

of the cortex and some subcortical formations (the hippo-

campus, the hypothalamus, specific and non-specific for-
mations of the thalamus and the mid-brain reticular forma-

tion) of the rabbit brain changes under the action of a

constant magnetic field of 460 oersted. Statistically sig-

nificant changes of bioelectrical activity, observed in

66% of cases, were manifested in an increase in the number

of spindles, slow waves, or pointed waves during the action

of the magnetic field. The most intensive changes of bio-

electrical activity were recorded in the hypothalamus and

the cortex, and the least intensive in the mid-brain re-

ticular formation. Injection of caffeine and adrenaline

enhanced the reactions to the constant magnetic fJeid,

while nembutal and chlorpromazine weakened them. (Author)

86. MAJ, Z., and K. DUTCZAK. 1967.

The inf]uence of the constant magnetic field on infectious

properties of sap from potato virus X infected tobacco
leaves.

Acta Biol. Cracov. Ser. B0t. ]0(2):227-232.

Extracts were subjected to treatment with a const_nt mag-

netic field of 1600 oersted intensity. The effect was

determined by counting the number of lesions formed by the

treated samples on the inoculated tobacco leaw_s. The mag-

netization caused a partial inactivation of the infective

sap. This inactivation was, however, not proportional to

the length of exposure. No changes were observed either

in the serological activity of the treated samp]e_, in the

character of primary lesions on the infected Icaw_';, or in

the length of the incubation period for the virus. (M.S.)

I
87. >b_J, Z., and K. DUTCZAK, ]970.

Studies on the effect of con_;tant magt_etic field on tobacco
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mosaic virus synthesis in tobacco leaves.
Acta Microbiol. Pol. Ser. A _licrobiol. Gen. 2(3):143-148.

The effects of 48- and 72-hr exposures to a constant mag-
netic field (1200 oersteds) on tobacco mosaic virus [T_[V]
were examined using an inoculum of isolated leaf discs of
tobacco (Nicotiana gluti_sa cv. _lite Burley). llomogenates

obtained from discs after 48 hr. exposure to the magmetic

field contained 38% less infective viruses in comparison

with those exposed for 72 hr. Similar treatment on puri-

fied TMV in vitro gave no effects. (E.M.D.)

88. >_RCINIAK, S. 1968.

Dzialanie pola magnetycznego na ustroj zywy.

the magnetic field on the living organism.]

Wiad. Lek. 21:947-949. 1 June.

[Effects of

A review of animal experiments has shown that exposure to

magnetic rays can either retard growth completely (5500

Gauss), hinder development, reduce the size of offspring

generally by 20% (2500 Gauss), induce abortions (4200

Gauss) or shorten considerably the life span of the off-

spring (3100 Gauss). Female mice proved more resistant to

tile deleterious effects of magnetic rays while males gen-

erally sh_wed more marked developmental delays or died

as a result of the exposure. Mature mice, however, could

withstand homogeneous or heterogeneous magnetic ray ex-

posure without manifesting any hamnful effects. The body

temperature of animals exposed to magnetic rays was ap-

proximately I°C lower than that of controls. Pathologi-

cal studies indicated that magnetic field induction pre-

vented malignant transfol_nation, even in cases where

exposure did not inhibit growth of the primary induced

neoplasm. (K. B. )

89. MIKIhhILOVSKY, V.N., N.N. KRASNOGORSKY, K.S. VOICHISHIN,

L.I. GRABAR, and V.N. AHECAR. 1969.

Susceptibility of h_nan subjects to weak magnetic fields.

Dopov. Akad. Nauk Ukr. RSR 31(1.0):929-933.

Susceptibility to ve_y weak oscillations of the geomagnetic

field range was shown experimentally in three of ten heal-

thy male volunteers whose re_ponsiveness to direct expo-

sure was measured by changes in electroencepha]ographic re-

cording.';. One of the three subjects manifested the signif-

icant rhythmlc changes together with increased pulse rate,

breathing difficu]tles, pallor, and headache. The subjects'

eond:ttion returned to normal once exposure to the magnetic

field was terminnted. In a :_econd experiment a group of
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ten patients, pre-selected because of tile ease with which

they could undergo hypnosis, were trained to exhibit a men-

tal reflex at tile beginning of somno]ence when an acoustic

signal of a certain frequency was sounded and awakened due

to a sound of another frequency. The patients then attemp-

ted to develop a mental reflex for somnolence by exposure

to the magnetic field which was shut on and off at various

random interwils. Only three of tile patients were able to

develop such a mental reflex upon magnetic exposure and all

three were considered subjectively healthy. (J.F.ll.)

90. MIRO, L., and N. CI_LAZONITIS. 1967.

Effets d'un champ magnetique constant et intense sur l'auto-

activite du ventricule d'Helix en no_nothermie. [Effects of

a strong constant magnetic field on the autoactivity of

Helix in normothermia.]

Comp. Rend. Acad. Sci. (Paris), Ser. D. 161(5):1100-1105.

The effects of the magnetic field on the amplitude of the

mechanogram depend essentially on the intially imposed

diastolic tonus. In tile majority of cases the amplitude

increases when the tonus is moderate or weak. An initial

excessive distention of the organ tends to mininHze the ef-

fects of the field on the amplitude. If the initial dias-

tolic tonus is very weak, inverse effects are often obser-

ved. The effects of the constant and uniform magnetic

field seem to be equivalent to those of an electric current

proceeding through either the pacemaker cells or the en-

semble of contractile fibers. It is concluded that t]_e

continuous and uniform magnetic field modifies the trans-

membraneous currents responsible either for the frequency

of the pacemakers or for the propagation of the excitation

from one fiber to another. (A.R.T.)

91. MIRO, L., G. DELTOUR, and A. PFISTER. 1968.

Influence des variations d'un champ magnetique sur la croJs-

sance de certains micro-organismes. [Influence of magnetic

field variations on the growth of certain organisms.]

In: AGAILD Pattern Recognition. Body Armour and Aircrew

Equipment Assemblies. Current Space Medical Problems.

Aeromedical Evacuation. 25th Meeting of the Aerospace

Medical Panel, London, 15-17 October 1968, Proceedings.

Advisory Group for Aerospace Research and Development,

Paris, France, C6-I to C6-6.

In three series of experiments growiilg L'_O1Z_r?lc.'/zi_e07._

cultures were exposed to valw:[nF ]ow_ls of magnetic fields.

In a magnetic fie]d of 42,000 F,auss, no appreciable chan_;e

in growth rate wa_; observed; however, when the field strength
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was changed the metabolic output and growth rate increased
in proportion to the numberof viable cells counted.
Daughter cells produced during this period were considered
to be polynuclear and to have inferior nuclear structures
to the mother bacteria. (M.H.E.)

92. MIRO, L. 1969
Biological effect of low magnetic field environments.
Techtran Corp., Glen Burnie, Md. 6 pages.
(transl. of Action biologique des ambiances a faible champ
magnetique, p. 259-266. In: Association pour le Develop-
pement des Sciences et Techniques de l'Environment, Journees
Francaises de l'Environment, Ecole Nationale Superieure de
l'Aeronatique, Paris, France, March, March 31-April i, 1969,
Proceedings. Paris, Association pour le Developpment des
Sciences et Techniques de l'Environment. 1969).

The author tests the hypotheses that irradiation by cosmic
rays in the absence of the protective geomagnetic field as
well as direct action of low magnetic field can cause adverse
biological effects. Tests are cited (physiological, visual,
and psychological) which indicate no differences exist be-
tween the experimental and control subjects, wheLher animal,
p_._nL, or .......... Only the crJtjcnl threshold of fusion was
significantly disturbed. In prolonged experime_t._ on mice_
however, loss of hair due to generalized hyperplasia was ob-
served after four months_ with premature death of the ani-
mals in four months to one year. Consideration of these re-
sults leads to the conclusion that additional ]eng term
experiments are needed. (Author)

J

93. MUELLER, W., and P. JITARIU. 1969.

Effect of variable magnetic field on the sodium permeability

of iso]ated frog skin.

Rev. Roum. Biol. Set. Zoo!. 14(4):273-277.

Experiments were carried out in 2 stages, during different

seasons (the ist stage-Decen_)er 1967, the 2nd-April 19-June

7, 1968). Frogs were exposed to the variable magnetic field

for 3 hours. With the December frogs Na permeability rose

from 1.04 ]:-equivalent in the control frogs to 1.78 1_-equiva-

lent. With the April 19-June 7 frogs Na permeability also

ro=_e from 2.04 _--equivalent in control frog._; to 4.]0 D-equiva-

lent in the fro_.:_ c:xposed to a variab]e ma_-uet:ic field.

The var:iable magnetic field ]ed to a r:i:;e of Na p_:rm_,abi]ity

of isolated lh'o_l'_kJn irrespective of s_ason, al_d seemed to

InfJuence the ce_l metaboli_m of the w,ltral ,_kin of frog:_.

0_. c.'r._" .)
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94. bI_rrSCItALL, V. 1969.

Biological effects of magnetic fields.

For. Sci. Bull. 5(2):13-36.

This review of Soviet research in magnetobiology en_races:

consideration of physicochemieal effects on animals, water,

ionic solutions, blood constituents, and body metabolism;

effects of steady state (static) and time variable (a-c

induced) magnetic fields on animal specimens in vitro, in-

cluding phagocytic function of the reticuloendothelial sys-

tem, pathomorphological changes in the gastrointestinal

tract and visual organ, hemo- and lymphodynamic disorders,

and inmmnologica! reactions by the organism; effects of

static magnetic fields on plant, fish, bird, rabbit, rat

and mouse specimens in w'_vo, including growth, respiration,

mitosis, conditioned reflexes, and bioelectric activity of

various brain structures; and, effects of artificial mag-

netic fields on the human organism, including long-term

(3 to 5 years) tolerance of exH)osure to magnetic fields

varying from less than 350 to more than 5000 oersteds, oc-

currence of local, general, neurological, and functional

disorders in the e>_osed workers, and relationship of

human skin static electrical potential (SEP) to the degree

of perturbation of heliogeomagnetic factors. (A.R.T.)

95. NEGOESCO, I., A. CONST__TINESCO, M. DON, _nd C. HELTF_U.

1969.

Le stress et le transport des hormones thyroidiennes.

[Stress and the transport of thyroid hormones.|

Rev. Roum. Endocrinol. 6(3):215-220.

Data from the literature are cited to point up the conflict

as to the mode of action of stress on the thyroid gland.

In general, the studies undertaken use as thyroid tests:

iodine uptake, histologic changes in the thyroid, the speed

of loss of radioactive iodine from the thyroid, the basal

metabolimn, and the protein bound iodine (PBI). This

study attempts to resolve problenL_ relative to the influ-

ence of stress on thyroid function, using a reproducible

stress method on animals (Wistar rats). Each day for 12

days the experimental animals were exposed to the stress

of a discontinuous magnetic field for 2 minutes at 50 Herz

followed immediately by 3 minutes at i00 |lerz. Urinary

adrenalin and noradrcnalin levels were mea._;ured in 24 hour

samples. B]ood studies included de.termination of free

thyroxin, PBI and counter-current paper e]ectrophoresis

assessment of thyroxin (tag_ed with radioactive iodine)

in the protein fractions. Resu]t_ are tabulated and show

an augmentation of free t:hyroxin wl_ile at the same time

there was a diminution of the tl,yroid l,ormone linked to
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the albumin fraction; both modifications gave statistically

significant figures. The absence of significant modifica-

tion of the PBI showed that the most important change was

at the peripheral level, in the equilibrium established

between the free hormone and the hormone linked with the

protein. (A.R.T.)

96. NEURATH, P.W. 1969.

The effect of high-gradient, high strength magnetic fields

on the early embryonic development of frogs.

In: M.F. Barnothy, ed. Biological Effects of Magnetic

Fields, Vol. 2.

Plenum Press, New York. p. 177-187.

Test of the hypothesis that the effect of magnetic fields on

the early development of an organism should affect particu-

larly those cellular components of the organism which have

a paramagnetic susceptibility larger than the rest of the

tissue. In investigating magnnetic-field effects on the early

embryonic development of frogs, a special effort was made to

detect connections between observed growth abnormalities and

peculiar ferritin motions within the embryo, such as ferri-

tin concentration gradients within cells. The investigation

results brought no substantiation of the ferritin hypothesis

though the embryonic development was affected in a highly

significmit manner. An alLernate hypothesis and further

experiments are suggested. (M.V.E.)

97. NIKULIN, A.V. 1969.

Vliyanie orientatsii levykh i pravykh plodov sakharnoi svekly

v magnitnom pole zem!i na nekotorye fiziologicheskie prot-

sessy rastenii, razvivshikhsya iz nikh. [The effect of

orientation of the left and right sugar beet fruits in the

Earth's magnetic field on some physiological processes of

plants developed from them.]

Izv. Akad. Nauk SSSR, Ser. Biol. 6:922-926.

In the course of experiments on the influence of the magne-

tic field of the Earth (MFE) on the growth and intensity of

physiological processes of the progeny of the fruit of l-

and d-bloforms it was noted that plants grown from the l-

and d-fruit modifications displayed a different reaction to

the NFE action, l,qmn the embryo root was ori_mted to the

south pole the ]-blofornL_ yielded plants characterized by

higher growth rates. The progeny ol such fruit d]_;p]aycd

an :increased cata]ase activity (by ]9%), contained more

c]llorophyll (by 52%), .,:,hou, ed a hlgh(,r rt_._:pirat::ton rate (by

19%), and gave a h:igher (by 13; y) and b_tt:er yd(_ld (by 6Z).

The d-blofotm proC.'ny were charact_,rlzed by a h:Igh(:r growth
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rate (15-20%) and more intensive physiological processes

(by 7-32%) if the plants were oriented towards tile north

pole. (M.K.)

98. NOVIKOVA, K.F., M.N. GNEVYSHEV, N.V. TOKAREVA, A.I. OL',

and T.N. PANOV. ]968.

Vliyanie solnechnoi aktivnosti na vozniknovenie zabolevanii

infarktom miokarda i smertnost' ot nego. [Effect of solar

activity on the development of myocardial infarction and

subsequent mortality.|

Kardiologiya 8(4) :109-112.

Under consideration are 2324 authentic cases of myocardial

infarction registered in the city of Sverdlovsk from 1961

till 1965, the resultant mortality rate, and instances of

sudden deaths due to heart failures for 1944-1966 in rela-

tion to solar activity. The incidence of myocardial infarc-

tion and resulting lethality were significantly higher on

magnetically active than on magnetically quiet days. A

relationship between the frequency of sudden death and the

ll-year cycle of solar activity is demonstrated. (Authors)

99. NOVITSKII, Yu.I. 1967.

Biomagnetism _ zhizn' rasteniya. [Biomagnetism and plant

life.|

Izv. Akad. Nauk SSSR, Ser. Biol. 2:257-261.

The effect of permanent magnetic fields, including low ones,

is discussed. Exposure of plants to magnetic fields in-

creases seed germination velocity and alters the gas ex-

change metabolic rates. The aftereffects of the exposure

of plants to the magnetic field resulted in the disturbance

of the cell division and growth, and in the change in ve-

locity of protoplasmic movement. It is suggested that the

cell sensitivity to low fields can be partially explained

by the sensitivity of colloid structures to magnetic fields.

It is emphasized that parallel studies of bloelectricity

and biomagnetism should be performed. (Author)

I00. PALMER, J.D. 1967.

Geomagnetism and animal orientation.

Natur. llist. 76(9) :54-57.

The migratory navigational abilities of severa] species of

birds are discussed. ];yc,;ight, m(_.mory, inborn ability to

use the sun as a celestial guid_,po_;t, hereditary knowledge,

and star-compa';:_ orientation are d_gcussud. Experiment.'.;

are cited that attempt to locate magnetoreceptors in animal
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tissues. The author's experiments with Yo[_wx, an aquatic

a]ga, are described in detail. It was shown that the paths

of VeT vex emerging from an enclosure changed significantly

in response to the presence and orientation of a magnetic

field created by a nearby magnet placed either parallel to

the Earth's field or at right angles to it. The response

was an entirely behavioral one, not a physical attraction

or repulsion of the alga _y the magnetic field. Similar

experiments by others using planarians and snails are

discussed. (A.R.T.)

i01. PAUTRIZEL, R., A. PRIORE, F. BERLUPJ£AU, and A.-N. PAUTRIZEL.

1969.

Stimulation, par des moyens physiques, des defenses de la

souris et du rat centre la trypanosomose experimentale.

[Stimulation, by physical means, of the defenses in the

mouse and in the rat against experimental ta:ypanosomiasis.]

Comp. Rend. Acad. Sci. (Paris), Ser. D. 268(14):1889-1892.

The combined action of magnetic fields and electromagnetic

waves have made it possible to keep alive mice infested

with T_panosoma cquiperdum when control animals died on the

4th or 5th day following the infection. Using a new appara-

tus experiments were conducted to detelnnine whether trypano-

somiasis could be completely eradicated, and whether the im-

munological process is active in the parasitized animal.

(A.C .S .)

102. PAVLOVICH, S.A. ]969.

Effect of magnetic fields on tile sensitivity of bacteria to

antibiotics.

Appl. Elec. Phen. 230-234. May-June.

(transl. of Elektronnaia Obrabotka Materialov, 76-81. May-

June, 1969.)

Bacterial strains were subjected to sublnoculations under the

action of constant (H = 6000 Oe), varying (H = 180 Oe), and

pulsed (}I = 22,000 Oe) magnetic fields. The sensitivity of

the bacteria to ii antibiotics was determined. It was found

that the sensitixdty of bacteria to antibiotics after pro-

longed subinoculation in a magnetic field can either in-

crease or decrease. It is thought that the observed changes

were caused principally by differences in the specific char-

acteristics of the bacteria tested. The 'magnetization' of

the bacteria was usually accompanied by a decrease in sen-

sitivity to antibiotic.'_. The largest chan_,es in sen,_itivity

were u.,;ua]ly noted [or cultures subinoculat:ed in the pulsed

mal.,netic field. (G.R.)
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103. Pl,kt t RA, M.R., L.G. NUTINI, J.C. FAPd)ON, and E.S COOK.

1967.

Cellular respiration in intennittent magnetic fields.

Proc. Soc. Exp. Biol. Med. 124(2):573-576.

A microrespirometer at constant te1_.perature (37 ± .01 ° C)

was designed so that the specimen chamber rermlined between

the poles of an electromagnet. The specimen was subjected

to intermittent magnetic fields of lO-min, duration for a

total of 2 hr., or 6 control and 6 experimental readings.

In some e>_eriments the periods were 20, 30 and 60 min.

Field strength ranged from 40 to i0,000 gauss. Tissues

were: ascites Sarcoma 37, en_ryo mouse kidney and liver,

adult mouse kidney and liver (14-21 weeks old), neonatal

mouse liver, HeLa cells (in limited experiments), and

baker's yeast (Saccharomyces cerevisiae). Field strengths

of 80 gauss or higher caused a 28.3 ± 2.6% (p = .02) depres-

sion of respiration of Sarcoma 37; of 85 gauss and above,

a 29.3 ± 3.5% (p < .05) respiration depression of embl-yo

kidney; of 80 gauss and above, a 20.6 ± 1% (p = .01) respira-

tion depression of embryo and young neonatal (2-7 days) liver;

and of 85 gauss and above, a 40.0 ± 5.0% (p = .03) stimula-

tion of yeast repsiration. The respiration of adult kidney

and of adult and older neonatal (8-11 days) liver was unaf-

fected by any field strength. In 3 experiments with HeLa

cells, _4_Id_ of £O gauss and above caused respiration de-

pressions of 40 to 44%. A critical field strength of about

80-85 gauss existed for all effects observed; no effects were

obtained below this strength, and increases produced effects

of no greater magnitude. The effects were prompt and rever-

sib le. (Authors)

104. PERSINGER, M.A. 1969.

Open-field behavior in rats exposed prenatally to a low in-

tensity-low frequency rotating magnetic field.

Develop. Psychobiol. 2(3):168-171.

Two experiments were conducted to study the behavioral ef-

fects of prenatal exposure to a low intensity, ultra-low-

frequency magnetic field. In experiment i, 117 albino rats

that had buen exposed continuously durinz their prenatal

developmunt to a 3 to 30 gauss, 0.5 Hz rotating magnetic

field (I_H'_), und 83 control rats that had been exposed pre-

natally to control conditions, were tested Jn an open field

at 21 to 25 (lays of age. RMF-exposed alljlI_l].t_ traversed sig-

nificant]y fewer sqtun-es than their controls in the open

field (p < .001), but dcR, cated signi!icaut]y more in that

,qitu_ltloll (p < .001). |<_iI'-cxpo,qed m:lll, s _L[,';o traversed sig-

nificant]y fuwer squares than the l{>!F-exposed ftmm]es (p <

.05). ']'hrcc }{}IF-exposed litters that were nursed by control
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mothers did not differ significantly in open-field activity

from the pups in tlle 4 RMF-ex?osed litters from which they

were taken at birth. In Experiment 2, in which the experi-

menters did not know whether the subject was a R}IF-e_osed

rat or a control rat, 19 l_IF-exposed rats again traversed

significantly fewer squares than the 20 control rats

(p < .01). (K.B.)

105. PERSINGER, M.A., and W.S. FOSTER, IV. 1970.

ELF rotating magnetic fields: Prenatal exposure and adult

behavior.

Arch. Meterol. Geophys. Bioklimatol. Ser. B. Klimatol.

Bioklimatol. Strahlm_gsforsch. Climatol. Bioclimatol. Radiat.

Res. 18(3/4) :363-369.

In 3 separate ex?eriments, adult male rats that had been ex-

posed continuously during their prenatal development to a

0.5 llz, 3-30 gauss rotating magnetic field (E>EF), emitted

significantly (p < 0.01)fewer lever presses in a free

operant avoidance situation than rats., that had been pre-

natally exposed to control conditions. This difference was

apparently due in large part to the PJ_F-exN_osed rats'

relatively low response rate within response bursts follow-

ing a shock. However, RMF-exposed rats did not differ sig-

nificantiy from control rats in the nunfber of onoc_s _ece±vEu.

(K.B.)

106. PETRACCHI, G., A. CHECCUCCI, O. GAMBINI, and G. FALCONE.

1967.

Studies on bacterial growth: If. Effects of physical pertur-

bations on bacterial growth.

Giorn. Microbiol. 15(3/4):189-196.

lqle possible action of a static magnetic field (3,000 Oe) on

the development of static liquid cultures of E_chcrichia colz"

strain B was studied. Utilizing a very sensitive and reliable

experimental device and a numerical procedure of analysis, no

effect of the static magnetic field on bacterial growth could

be demonstrated, }Iowever, some influences of a metallic

shield on bacterial cultures were demonstrated. (A.]{.)

107, PIRUZYAN, L.A., I.I. MARKUZE, and V.M. CHIBRIKIN. 1969.

])cistvie postoyannogo magnitnogo po]ya na as tsitnuyu opukhol'

Sarkomu 37. [The eff_,ct of a con_tant m_gnetic fleld on the

ascitic tumor Sarcoma 37.]

Izv. Akad. Nauk SSSR, Set. Biol. 6:893-898. Nov-])ec.
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Maintaining mice in a constant magnetic fje]d inhibits the
development of the tumor process in them. The magnetic field
reduces the accumulation of the volume of ascitic fluid and
the number of tumor cells, and at the same time changes the
concentration of free radical states. Linear dependenceof
tile effect of inhibition regardi_g the criteria mentioned
above on the magnetic field duration entitles one to suggest
that the magnetic field influences directly the mechanism
of development of the ascitic tumor process. (J.M.S.)

108. PIRUZYAN,L,A., M.A. ROZENFEL'D,V.M. GLEZER,and V.A.
LO>_NOSOV. 1969.
Microcalorimetry of the processes of coagulation in normal
conditions and after exposure to a constant magnetic field.
Aerosp. Med. 40(10):1140-1141.

The action of a constant magnetic field leads to acceleration
of the coagulatory process, accompaniedby more intensive
generation of heat. Thorough testing of this new, highly
sensitive calorimetric method, capable of registering distur-
bances in the coagulatory system of the blood, will make
possible its use as a new test in clinical and experimental
applications.

I _B PIRUZY_Xq, L.A., V.M. GLEZF,R, V.A. DE_NT'EV, V.A. LOMONOSOV_

and V.M. CHIBRIKIN. 1970.

O mekhanizme biologichesk0go deistviia postoianny]d_ magnit-

nykh polei. [Mechanism of tile biological action of constant

magnetic fields.]

Akad. Nauk SSSR, Izv, Ser. Biol. p. 535-539. Jul-Aug.

Survey of recent research concerning possible mechanisms of

biological action by a constant magnetic field. Hagnetic

field effects on the electrical properties of axons are

analyzed, together with effects involving disturbance of the

spatial orientaLion of biomolecules. Attention is given to

mechanisn_s playing a role in the action of constant magnetic

fields on electrolytes and liquids included in the composi-

tion of orFanisn_s- It is shown that the identification of

the primary influence of constant magnetic fiel(L3 in many
of the ob:_ervcd biological effects require_ further experi-

mental and theoretical research. (T.M.)

llO. PIRUZYAN, L.A., L.Kh, BARSECYAN, O.M. MUKItORTOVA, G.S. SAV-

CIlENKO, and V.I.I. CIIIBI_IK]N. 19711.
Effect of a constant mar nrtic field on tlm concentration of

free radical,'; ]n t:hc' or!,,am; and t,[_sues of mlce.

Izv. Akad. Nauk St;,';I(, Scr. Biol. (1):128-]34,
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The concentration of free radicals in the organs of 60 mice

of both sexes was followed after 4-, 24-, and 72-hr exposure

to constant magnetic field at an intensity of 5000 Oe. 'l_Le

concentration of free radicals decreased in all organs except

brain by 45-72% in 2-7 days after exposure. During the first

24 hr, the maximal change was proportional to the square root

of the exposure time. After 72 hrs of ex3_osure , the weight of

the spleen increased while the weight of the liver and kidney

was unchanged. Protein dystrophy, changes in cytoplasmic

structure, and redistribution of the cytoplasm were found in

the organs. (M.ll.)

iii. PITTMAN, U.J., and T.H. ANSTEY. 1967.

Magnetic treatment and seed orientation of sing]e-harvest

snap beans (Phaseolus vulgaris L.).

Prec. Amer. Soc. llort. Sci. 91:310-314.

Subjecting dr3, bean seeds to a magnetic field of 1500 Oer-

steds for 240 hours and seeding with their micropylar end

toward the geomagnetic north pole improved the total single-

harvest snap bean yield and minimized the sieve-size distri-

bution compared with the control. Provided that the decis-

ion concerning harvest data is corrected, returns from a

snap bean enterprise can be improved by 25 to 50% over

standard seed treatment and planting methods. (Authors)

112. PITTMt@, I, U.J., and D.P. O]I_HIOD. 1970.

Physiological and chemical features of magnetically treated

winter wheat seeds and resultant seedlings.

Can. J. Plant Sci. 50(3):211-217.

Seed of T2"_tticum aestivwn (wheat) cv Kharkov 22 MC magnetic-

ally treated before germination respired more slowly, re-

leased less heat energy, and grew faster during the initial

16 hours than simil_r but untreated seed. Magnetically

treated seed absorbed more moisture and contained more re-

ducing sugar during the initial 72 hours of growth than un-

treated seed. Addition of 0 to the seed environment during

germination repressed shoot growth and enhanced root growth

of magnetically treated wheat, but had no effect on un-

treated seed. Addition of CO 2 to the seedling environment

suppressed the growth of shoots and roots of treated and un-

treated wheat seeds equally. (R.C.P.Z.)

113. PODSttlBIAKIN, A.K., R.V, SMIRNOV, T,C. UZliVA, and V.I. SIlA-

IOIOVA. 1.967.

Prtznnki sv_iazl m_,zhdu velichinoi ftziolo?tchesldkh pokaza-

telci sost:o:lanfia ehe]ov ka i zhtvotnykh i stepcn'iu voztnu-
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shchcm_osti magniLnogo polia zemli. [Indications of a re]n-

tion between the magnitude of the pl_ysiological indices of

the humarl and animal states and the degree of disturbance

of tlte geomagnetic field.]

In: S.I. Subbotin, ed. Geophysics and Astronomy.

Izdatel'stvo Naukova Dumka, Kiev. p. 209-213.

According to preliminary data, magnetic sto_ns and sudden-

cormnencement geomagnetic disturbances diminish the condition-

ed nutritional reflex in dogs and decrease tile survival rate

of dogs reanimated after an electric shock. It is also noted

that fewer human subjeats volunteer for tests during tlmse

periods. Host people e2dlibit certain effects_ such as, a

pronounced increase in the electrical potentials of the skin

and in the asyn_netry of their distribution, prior to the oc-

currence of a magnetic storm. (L.M.)

114. POKORNY, J., and V. JELINEK. 1967.

Investigations of the effect of combined electromagnetic fields

on neoplastic malignant growth. A contribution to the problem.

Neoplasma ]4 (5) :479-485.

_iice with transplanted tumors (Kr2 ascites, $37 ascites, NK

ascites tuanors, and the IlK adrenocareinoma of the mammary gland)

were exposed to the action of magnetic and electromagnetic

fields of varying intensities. With certain ark-angements of

electromagnetic fields an inhibitory effect on the growth of

the transplanted tumors was observed. It was reflected in a

statistically significant prolongation of the survival times

of the treated animals. (Authors)

].15. POPESCU, C., E. ANDRONESCU, and M. TIBU. 1967.

Effect of magnetic fields on certain varieties of wheat.

Bull. Inst. Politeh. Iasi 13(3-4):293-298.

The influence of magnetic fields on the germination of seeds

amd on the absorption of nutritive substances in the course

of germination, growth, deve]opment, and production was in-

vestigated on autumnal wheat varletJes. The magnetic field

was applied at 2 intensities of 90 and 180 C. The sc:eds

were exposed for 20 minutes dalJy over a period of I0 days.
Some of the seeds were wetted alte1_,'ards for 48 hours wlth

a solution containing, 32p, were washed, and the amount of

32p penetration wa_; determined. In son'.evarlctJcs ]ikc

Ponca and 30] the 32p +:_bsorption was Jncreased by I0-27%,

demon.qtrat:iut:,_ fast.er dewdopment c,_pacity fn the 1st v(,ge-

tat:Jon ph;>;e.,;; .in other varteti(,.,; like Skoro.,:;pell<a 3, the

mod:i fication war:; in,,;i_+;ni l:+.c;mt, 'l'l_e germ:tnati.v,2 enerl',y

(determJm,d at 20-3°C) was increased by 5-332, while, the
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ger_ninativc capacity increa_;od 9',I_. The most favorably

affected varieties were Belotzerkovskaya 198, Bezostaya i,

Ponca 301, and Funone; after 12 days the length of the roots

of these varieties had increased by 6-70% over the untreated

plants. Other improvements noted in these varieties were

increases of stalk length, of ear length, of earlet number,

and of grain harvest. (M.B.E.)

116. POUMAILLOUX, M. 1969.

Repercussions humaines de l'activite solaire interne.

[Human after-effects of internal solar activity.]

Cah. Coll. Med. Hop. Paris 10(15):1201-1214.

The multiplicity of effects provoked on the Earth by solar

eruptions make it rational to measure these effects by meas-

uring geomagnetic variations and their effects on terrestrial

life in a manner more direct than the phases of the sire-spot

cycles. Discussion of extraterrestrial electrical activity

and biology includes consideration of influences upon the

hematopoietic system, the neuro-endocrine system, and upon

the coagulation and fibrinolysis of blood. Correlations be-

tween solar activity and pathologic manifestations in man

are discussed. Correlations between solar activity and ex-

plosive outbreaks of mass violence in the northern hemisphere

from 1778 to 1969 are shown in a table. It is concluded that

this study should be considered as an outline to stimulate

future research. (A.R,T,)

117. PRESMAN, A.S. 1970.

Electromagnetic fields and life.

Plenum Press, New York. 336 pages.

This monograph reviews the Russian and non-Russian literature

dealing with biological influences of the electromagnetic

spectrum from the superhigh radio frequencies to magnetic

fields. Theoretical foundations for tile effects of the

phenomena are discussed in addition to the author's own gen-

eral hypothesis in which it is postulated that electromag-

netic fields serve as conveyors of information from the en-

vironment to the organism, within the or_;anism and among or-

ganisms. Experimental investigations of tlm biological

action of electromagnetic fields include: morphological

changes in tissues and organs due to emf; neurohumora]

regulation in the entire organism; reproduction and deve]-

opm,ent of or_,anism.q; ce]]u]ar and too]ocular level effects;

and the rcgu]aLory effects of vital proccs,._e:3, q_lc: con-

cepts and invustJEations offered by this monograph .,_hould

be of -interest to bio]oF.tsts and blophy.,;lcl._;t'.;, phy,qicl;ms,

phy.,;iolol:Jsts, phy:;ic.i.sts and radio en_:ineers. (E.L.E.)
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118. I;I;>I['ER, R.W., and J.M, 1L&I_NOTltY. 1969,

l he effect oi strong inlmmogeneous magnetic fields on serum-
free cell cultures.

In: M.F. Barnothy, ed. Biological Effects of Hagnetic

Fields, Vol. 2.

Plenum Press, New York. p. 61-65,

An investigation of the effects of strong magnetic fields

on serum-free cell cultures of rabbit myocarditml and of

mouse lung fibroblast isolates was carried out. It was

found that in each case there was a significant increase

in tile growth rates of cells when ex_posed continuously for

two to seven days to a static magnetic field of 14,600 Oe,

with a 5000 Oe/cm gradient. %¢o ex_posures at lower field

strength (7000 Oe) showed a decrease of cell growth. Pilot

ex_periments with other cell lines showed that the sensitiv-

ity to a magnetic field varied greatly with cell type and

with the age of the serial cultures. (L.M.)

119. RABINOVITCH, B., J.E. MALING, and M. WEISSBLUTI{. 1967.

Enzyme-substrate reactions in very high magnetic fields. I.

Biophys. J. 7(5):187-204.

Within a 3% error, no detectable changes 5n the rate of 4

enzyme-substrate reactions were obsel-ved for periods of

exposure of 20 min. in a magnetic field of up to 170,000

gauss. The enzymes tested were ,_,ase, po±yp,cnolo_.dase,

peroxidase, and aldolase. (M.L.)

120. RABINOVITCH, B., J.E. }[ALING, and H. WEISSBLUTH. 1967.

Enzyme-substrate reactions in very high magnetic fields. II.

Biophys. J. 7(4) :3]9-327.

The effect of conditioning the enzyme t1_psin in solution

at pll 8.2 in a large magnetic field before determining its

reactivity towards a synthetic substrate N-benzoyl DL-ar-

ginine p-nitroanilide (BAPA) was examined. Th:is "pretreat-

ment" was allowed to proceed for as long as 3-2/3 hours in a

magnet:[c fJe]d of 208 kgau.,_s at temperatures 26 and 36°C.

No effect on reactivity was ob.,_erved when such pretreated

enzyme solutions were compared with J dent:ical but untreated

enzyme solutions. A single such reaction, allowed to pro-

ceed directly in a mac:no:tic f_e]d of 220 kgatLqs for 9 rain,

similarly showed no difference in rate from it,';control.

(Auth ors )

121. RATNER, S.C., and ,I.W, JF.NN]NCS. 1968.

HaF, net ic fteld:; and o ri ent:i uF, mow'merit s in tool 1 u,';ks.

J. Comp. Phy,,;lol. l'sychol. 65:265 2{,8. Apr.
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122.

The feedil_g structures, radul_ae, of six ,_pec:ies of mollusks,

including three of amphineura, two of _:nail, and one of

limpet, were dissected and t_:sted for responses to magnetic

fields. The radulae of the amphineura, which are reported

to contain magnetite, responded readily to above-normal

magnetic fJe]ds; 59 live specimens of Chaatoplcz_,a apiculata

were tested with magnetic fields ranging from normal to 8,000

gauss. Subjects moved more in normal magnetic fields than

in above-normal fields. (A.I.)

RENO, V.R. 1969.

Conduction velocity in nerves exposed to a high magnetic

field.

U.S. Nav. Aerosp. Med. Inst. (Pensacola) NAMI 1089. p. 1-13.

AD-699171

Action potentials were recorded at 4 positions from frog

sciatic nerves e_osed to a constant magnetic field of 11.6

kilo-oersted. External electrodes arranged in pairs on seg-

ments of nerves oriented both parallel and perpendicular to

the field permitted conduction velocity measurements to he

expressed as a function of field orientation. The increase

in conduction velocity was observed to be orientation depen-

dent, as was the appearance of the latent period, lh_ after-

effect was noted that persisted to the end of the experi-

ments. Possible mechanisms of action of the field are dis-

cussed in terms of current theories of impulse propagation.

(A.B.)

123. ROBERTS, A.M, 1970.

Motion of Paramecium in static electric and magnetic fields.

J. Theor. Biol. 27(1):97--106.

An e]ementary quantitative model, based on Jalm's "volume

conductor" theory, is described to ex_plain the motion of

parameci_ in static elect:tic fields (ga]vanotaxis). An

express]on for the orlentatJon ._;ensitivJty to electric

fields in derived. The contraction and eventual bursting

observed at high field strengths J:_ attrlbuted to the heat-

ing effect of the current flowing through tlm org;mism.

Several authors have su_:.ested that weak ill_l_',IletJc fi_Ids

(of ]es_; than i000 oarste-d) can influc.nce the motion of

Fara:_,,:ai.,,_:_. The po,_sibJlity of such an interact.ion is

considered in the ligi_t of the simp]e model described.

(A. l_.)

]24. ROSTKOW,qKA, J., and W. MO,qlG4A. 1968.
The inlJuuP.ce of a m;_!',netle fit']d on st_;cept:ibility for
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toxic compounds in ,_3p'_<_Lo_'_!o:__?_TJig_,_z Ehrb.

Acta. Protozool. 5(20):305-313.

Protozoa when placed for a prolonged time in a strong mag-

netic field, exhibit a higher susceptibility to the poisons

applied in the experiment: Entobex, Enteroseptol, Dilom-

brine Salol. Morphological changes manifested in Sp_ro-

stomz_m under the influence of the coupled action of mag-

netism and toxic compounds have been ascertained.

(Authors)

125. RUSSELL, D.R. 1969.

Effect of a constant magnetic field on invertebrate neurons.

In: M.F. Barnothy, ed. Biological Effects of Magnetic

Fields, Vol. 2.

Plenum Press, New York. p. 227-232.

The primary objective of this study was to determine whether

or not a magnetic field would affect the spontaneous activ-

ity of neurons located in the subesophageal ganglion of an

invertebrate (the cockroach). The secondary objective was

to deterrmine the type and magnitude of the effect. Nerve

impulses from i0 esophageal ganglia were anlayzed and are

presented in a table. Statistical treatment of the data

shows that the 6,600-0e magnetic field caused a 17 to 27 per-

cent inhibitiop in _pontaneous firing rates. Possible me-

chanisms contributing to the inhibitory effect e.M_ibited i_

these e_eriments are discussed. (A.R.T.)

126. RUSSELL, D.R., and H.G. HEDRICK. 1969.

Preference of mice to consume food and water in an environ-

ment of high magnetic field.

In: M.]-. Barnothy, ed. Biological Effects of Magnetic

Fields, Vol. 2.

Plenum Press, New York. p. 233-239.

An apparatus is described that was used to study the activ-

ity and food-water intake of albino Swiss female mice in-

fluenced by a permanent magnetic field environment of

either high (i,]00 Oe) or low intensity. All ]i animals u,_ed

in this study exhibited increa,;ed food and w_ter intakes in

the presence of the hJF,lt .'_tznetic field environment. Each

anima] we:; subjected to 4 d|ffercnt confizuration:] of the

apparatus for a pe}:iod of 22 hours in each confJgur_t:ion.

The results, given Jn a table, ,show that thp ;_nim;l]s spent

a total of 2,130.8 mlnute_ in tl,e low and 1,839.5 minute:;

in the hizh maF, netic field environment. A,'; a measure ol

activity, tht, animal'.; are re.corded to hay(, made 1.7,044 trips

to t:he low and 20,24] trips to tl_e h:[_:h mognet]c fJe.]d en-
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vironmcnt. The re.,mlts indicate that tile animals showed a

preference toward increased activity, as well as increased

food and water int_kcs, in the presence of the high magne-

tic field environn, cnt. (A.R.T.)

127. SACHAVA, T.S., and L.E. SfLxlOKIIVALOVA. 1970.

Ob izmenenii membrannogo potentsiala kletok vodorosli _£itol-

lc_ f/c_'i'/_[_ pri deystvii postoyannogo magnJtnogo poiya.

[Changes in the membrane potential of cells of the algal.

Nitolla fZcan'lis under the action of a steady magnetic field.]

Biofizika 15 :89-92. Jan-Feb.

_en a steady magnetic field witll at) intensity of 1,000,

1,600 or 4,500 oersteds was applied to N-_b_.lla cells with

exposure times of 20, 30, and 60 minutes, and one day, statis-

tically reliable (p < 0.01) reduction in the membrane po-

tential was observed. After removal from the 1,000 Oe

field, statistically reliable (p < 0.05; p < 0.01) restora-

tion of the membrane potential occurred; full restoration

of the membrane potential was not observed. After applica-

tion of tile 1,600 and 4,500 Oe steady magnetic fields, a

tendency was noted toward restoration of the membrane po-

tential to its initial level, but it was not statistically

reliable (p < 0.i). The aftereffects following the 1,000

and 1,600 Oe magnetic fields were observed for 40 minutes

following the 20 minute exposure, 30 minutes J:oi±o',.;ingthe

30 minute exposure, 60 minutes following the 60 minute

exposure and one day follo_ing the one day exposure. The

aftereffects produced by the 4,500 Oe e:q)osure were obser-

ved for one day, regardless of exposure time. (J.F.II.)

]_28. SC]IOLN4DER, P.E., and M. PEREZ. 1971.

Experiments on osmosis with magnetic fluid.

Prec. Nat. Acad. Sci. U.S. 68(6):1093-i094.

Experiments on a ferromagnetic colloidal fluid at equilibri_m_

showed equality bct_,,een magnetic and osmotic force; this re_-

sult identifies solute pressure against the free surface as

the cause of the llc[_ltJ.ve. SO]VClIt pressure. Except for water

of hydration, thcr_ is no other osmotic interaction between

solute and solvent. (K.B.)

]29. SE] DEL, D. 1968.
I)er exlstcnzl_crei.ch e]ektr:Isch end magnctix;chii:duktiv ani,.er-

[:}?,tel: sub }okti. vcr ] i c.hto_',,;choinunzcn (pllo.';phcnc) J n abhaen-

gigl<¢dt yon ae_:_,_J_'l'cui l't'Izl_itlTi/llll-_terIl. [']'ht? fr_qucncy r;mze
for t:ll(, e]cctrLcal ;rod maltnctlc induction of .<-;ubjective l:ight

t);ittern_; (pil(J_,phcnl..<:).]
E]cktromL_diz:in ]3:194-211. l)cc.
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It is know!: t:h,_t electrical stimulation of the humanskull
with rectnngular current pu].'_esinduces a subjective obser-
vation of fo:n111essflickering light. With specified stimu-
lus parameters (e.g. pulse frequency and repetition ratio),
defined light patterns of abstract, geometrical figures,
e.g., arcs, wave._, lines can also be perceived. These pat-
terns are called "phosphenes" In t]lJs paper it is shown
that the range of the stimulus parameters in which phos-
phenes can be excited is determined by the current applied
and the duration of and interwll between the electrical pul-
ses. In other e._-periments, the excitation frequency range
for magnetically induced phospheneswas determ:i.nedby stimu-
lating the head with a sinusoidal alternating magnetic field
from a toroidal coil. With both methods of excitation
(electric and magnetic) the greater part of the induced pat-
terns was perceived in the frequency range of i0 to 50 cps.
The magnetic fltux density most favorable for stimulation was
in the range from 200 to 500 Gauss. lqle average ntunberof
induced phosphenesper su'oject was about 2 or 3 with elec-
trical stimulation and 1 or 2 with magnetic stimulation.
(modified author sumJnary)

130. SIZZLERS,M.H. 1967.
Growth of radish (Rapha_nussatiuus) seedlings in magnetic
fields.
Biol. Plant. (Praha) 9(5) :377-382.

Radish seedlings were grown in asy1:_netricmagnetic fields.
l:ae number of seeds germinated and the dry weight of the
plants were the 2 criteria by which possible effects were
examined. 'INtoexperiments were done; in the first the
plants were grown for an average of 7.7 days and in the
second for 14.]. days. A statistical analysis of the re-
sults failed to reveal any significant difference between
control plants grown in dummymagnets and those subjected
to the magnetic influence. (Author)

131. SOKOLOV,S.D. ]967.
Protivovospalitel'noe deistvie polya postoyannogo magnita.
[The anti-infla_m_atory action of a constant magnetic field.]
Patol. Fizio]. Eksp. Ter. 11(3):69-70.

There was ::o noticeable: con_;tr_ctJon of w:ssel._; in the burned
ears of rabbits either during or after their subj,.ction to
a constant magnetic field, llowevcr, it did produce an anti-

infla::::._atory effect. In the ]:;t day afler burns :_nd sub,,;e-

qu_,ntJy Jn tile' 15 day e._l,erlment it wa,_ al_par:'nt that the

infl,'immatory reaction wa:i considerably less mark_:d in the
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experimental group than in the control. This manifested
itself in the reduced tendency to blistering, edemaand
necrosis of the tissues of tlte ear. (M.S.)

132. STEEN,H.B., and P. OFTEDAL. 1967.
Lack of effect of constant magnetic fields on D2"osophf.la egg

ha tc_hing time.

Experientia 23(10) :814.

The effect of homogeneous magnetic fields of 1600 and 5000

Gauss on the egg hatching time of DPosophi_a-en_)ryos was in-

vestigated (normal egg hatching time: 20 ± 0.5 hr.). No ef-

fect could be determined. (auth. sum. transl.)

133. STREKOVA, V.Yu., and D.M. SPITKOVSKII. 1971.

Analysis of possible damages of chromosome structure in a

constant magnetic field simulated by condensed submolecular

DNP-sys terns.

Fiziol. Rast. 18(1):192-196.

A heterogeneous magnetic field with an intensity of 12,000

oersted affected considerably the rheological properties of

deoxyribonucleoprotein (DNP). A correlation was established

bevween the reaction and the N/P ratio in the nucleopro-

tcin pleparation. At high va!ucs of N/P (4.6-4.9) relative

relaxation of DNP structures in the magnetic field was less

than in the control. At low values of N/P (3.7-4.2) it was

higher. The amount of DNP thread contract:ion in solution

with standard protein content (N/P ratio) increased in a

magnetic field. These data suggest that one _f the possible

mechanisms of the effect of the magnetic field on mitosis

consists in the interference with structure formation in

the chromosome nucleoprotein compounds. (A,I..)

134. TAI_AILiNOVA, C.A. 1968.

Deistvie i posledeietvie postoyannogo magnitnogo polya na

dykhatel'nyi gazoobm::n kornei 7_#7"a j',_baL. [The action

and aftereffect of a constant magnetic f:ie]d on the respira-

tory gas exchange of the roots of Ufc,_c_ _.ff._L.]

Elektron. Obrab. Mater. 2:87-90.

R_e roots of Kuzminskie fodder beans were kept for J hr and

4 and 30 day.-;in a magnetic field which was strong (4000 or

12,000 oer.,;tcd-_) or wcak (20 ocr,,_tedt:). The brief action of

the weak fJc']¢] did not c>:crt any m:tt-,rlal action on the ab-

sorption of (]2 by tim roots, llowcver, a 30-day e.xposure re-

duced the. 02 ab:;orptJon by 23%, red_,ced the l ib_,_at.ion of

CO 2 by 28;:2, and cut thl: re,,;ptratory co+,ft!iclent by 6%. One
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hr of cxpo';ure to a strong magnetic field a]so had no sub-

stantial effect on the respiration rate of the roots, and

only when the magnetic field acted for a long time (4 and 30

days) was there 13-50% intensification of respiration. It

is suggested that the effect evoking an intensification of

respiration can be attributed to any reaction to stress, not

the specific effect of the action of a magnetic field. (K.B.)

135. TARAKANOVA, G.A. 1968.

Fiziologo-biokhimicheskie izmeneniya prorostkov bobov v

postoyannom magnitom pole. [Physiological-biochemical

variations of seedlings of V'f.o'/.a .flaba in a constant mag-

netic field.]

Fiziol. Rast. 15(3):450-456.

The effect of short and long duration magnetic fields of

various intensity (20, 4000 and 12,000 Oe) on coupling of

oxidative phosphorylation and on the growth of the roots

of 1-30 day-old V_'o_a _a1_a plants was studied. Weak (20

Oe) fields accelerated growth while strong fields (4000 and

12,000 Oe) inhibited growth. The stimulatory effect of

dinitrophenol on respiration increased in weak magnetic

fie]ds and dropped in strong fields, regardJess of the dura-

tion of action of the field. This could signify that the

degree of coupling between oxidation and phosphorylation

was n_gher in Lne I_- case _,_ _, in the second. Sb.ort

action k_ bY) of a 4000 Oe magnctlc _4_I' ._I._ • -,,.._.,,,_,]

the coupling of oxidative phosphorylation. It is conclu-

ded that the pathologic c|'.:'mgesJn metabolism of plants

located in a magnetic field develop gradually. They depend

on tlm field strength and duration of action of the field

on the plant:. (M.K.)

136. TARAK}{OVS'}_I, M.L., E.P. SA]'N_ORS'IC%, T.D. ZADOROZIlNA, and

E.M. LII0{TENSIITEIN. 1969.

Vplyv post:iinoho mahnitnoho polya na perebih vahitnosti ta

rozvytok poton'stwl u bilykh shchuriv. [Effect of constant

magnetic field on the course of pregnancy and progeny de-

velopment in white rats.]

Fiziol. Zh. Akad. Nauk Ukr. RSR 15(3):348-355.

When rats are affected with a constant ma_m_:tic field in

the first ]3 days of pregnancy decreases in th(: conception

frequency, resorption, stillborn fctu:;es, and in some ca:;t_s

dew_lopmcntal abnormal itics wc re found. Func Lions] and

morpholoRtcal chanzos; :in ow_ri_'.q as w¢,.11 as _in :[ncrca'.:;e in

weight and hyperp];t,,-'ia of th,' ,_drcnal cortical ];_ycr w,,rc_

found in fcm:llcs :Imprt,gn:Jled by lil;lle,q that were t, xpo._;ed to

a cons;trmt ,_.ignetic tieTld for a ]_mp time. A con,,_tant maF,-
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netie field has no negative effect on the development of

progeny in tlle 1.;t generation. A negative gonadotropic and

embryotropic effect was established in rdts exposed to the

prolonged effect of a weak constant magnetic field. (C.M.M.)

137. TEGENY&KP, T.R. 1.969 .

Mutagenic effects of magnetic fields on Drosophila mela_,o -

9as ter.

In: N.F. Barnothy, ed. Biological Effects of Magnetic

Fields, Vol. 2.

Plenum Press, New York. p. 189-206.

Several studies are reported on mutagenic effects of mag-

netic fields on Drosophila, primarily on sex ratios and
the occurrence and transmission of new mutants. Devia-

tions in sex ratios are related to differing magnetic

field strengths, gradients, and durations of exposure

time. It was shown that at tile end of 3 generations both

the low intensity, high gradient field and the 520 Oer-

sted, low gradient field were significantly effective in

altering the sex ratio in favor of male offspring. Magme-

tic fields of lesser or greater strength than that of the

geomagnetic background, whether with low or high gradients,

induce mutations affecting the sex ratios of Drosophila

mcla_uo.qa._ter. The mutagenic effects of magnetic fields on

genes control.]_ng traits unrelated to sex also hav_ been

demonstrated. It appears that only a few DNA _ynthesis

fibrils are affected by the magnetic field, judging from

the number of inbreeding generations required before the

anomalies appear. (A.R.T.)

138. THIE_ff'_NN, W., and E. WAGNF.R. 1970.

Die Wirkung eines homogencn Magnetfeldes auf des Washstum

yon I,::.croc:odc_9 d_'_nit:.:ficanz. [The influence of homogen-

eous magnetic lields on the growth of :,:i::roc._c,cc:t_cdcn{tri-

ficans. ]
Zeit. Naturforsch. Tell b, 25b:i020-I023. Sep.

Tile influence of strong homogeneous magnetic fields in the

range of 5000 to 8()00 gau,;s on the grawth of ;:a_:.,:/:a_,oT",vjc_::o

ccrc:_rJsLa,: and ,',:[ca'owoc.'_w:_:_ d,_n'[.tr_j:[,'_v',:: was studied. In

the cas(_ of yea:it growing under nearly anacr_bic conditions
an inhibition of growth rate wa._-_ observed in the bc_linn:i.nF_

of incub.:tti.on, while some hour'.; later tl,e growth accelerated

and surp:3ss_,d the contro], 3!. _lcn2Z?'2f/,wzn:_ ou tim other

hand _:row with the samc_ rate a._ the controls during,, the first

2-3 hour:_ of _,xp(_r:Jw,_.mt; therc,:lft_,r the' mal:n_'tic fJ_._,l.d rc.'._/ul -

t:ed ]n a _;i_;nt.fi(:;int- tLecc]cl-t_ti()n of _,,rowth l-_Ite m¢:tsurc_d

by a 5.8 to 13.3Z increase of oxyt;cn eon,*_umption after .5-6
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hours. Until now only inhibition of baeter_ial growths by

magnetic fields has been reported in the literatu_'e.

(Author)

139. TODOROV, S.I., and M.R. RACHEVA. 1966/67.

Biologichno deistvJe na magnitno po]e vorkhy mitozata i

khromozomite v korenovata meristema na Yic[a _'o_a L.

[Biological action of a magnetic field on the mitosis and

the chromosomes in the radical meristem of Ficia 7_d_a L.]

God. Sofiiskiya Univ. Biol. Fak. Kn. 2. Bot. Mikrobiol.

Fizio!. Biokhim. Rast. 61:225-237.

A variable magnetic field, having a magnetic induction of

2780 G at the poles and of 2300-2490 G m_asured at a dis-

tance between the poles of 70 mm, was used. The influence

of the magnetic field (with 15 mm separating the poles) on

mitosis and the chromosomes in the primary meristem of

Vicia _a was measured after 0.5, 1.O, 1.5 and 2.0 hrs. of

exposure. In other e._eriments, the effects of exposing

the meristems to 6 and 24 hrs. of magnetized water was

studied. A statistical decrease in mitotic activity was

proportional to the length of time in the mag_aetic field.

In magnetized water an increase in the mitotic index was

seen after 6 hrs., but returned to norma] by 24 hrs. Ex-

posures of 1.5 and 2.0 hrs. increased chromosomal aberra-

.23,° respectively. Ma_3netic water didtJons by 60.49 and 83 ' at

not cause such aberrations. (Y.K.)

140. TODOROV, S.I., A.I. GORANOV, and Ts.M. GEMISCIIEV. 1966/67.

Stimulatsionen biomagniten efekt pri deistvie na magnitno

pole i magnetizirane voda vorkhu semena ot Cucza,bita m,_._ima

])ud_. [Stimulative biom._gnetJe effect under action of a mag-

netic field and of magnetized water upon the seeds of Cuo_ _-

bi ta mm'cima Duch. ]

God. Sofiiskiya Univ. B_ol. Fak. Kn. 2. Bot. _[krobiol. Fizio].

Biokhim. Rast. 61:239-250.

The effect of a magnetic field and of magnetized water was

determined in dry se_eds with an exposure of 0.5, 1.0, 2.0

snd 4-hr intervals. Following the 2-hr exposure, a mazne-

tic stimulative effect \:a._;found. The stimulation of

growth of the root extended to 13.38% ]20 hr after the maF,-

netic _ction, and to 43.06% afkcr 168 hr. The stimulative

effect _,as characterized by an in('rea._;e <in ab,_;olutc dry

weight, aclivity of ]-il):_._;c,and the quality of abso_'ption

by the root system. (A.C.S.)
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141.. TOPALA,N.D., and O. AILIESEI. 1969.
Influence of electromagnetic fields on immunological reac-
tions. Influence of homogeneousmagnetic fields on phago-
cytosis in vitro.
Rev. Roum.Biol., Ser. Zool. 14(6):443-447.

Phagocytosis of Stcq)hyTococc_._ au2",e?_ cells by guinea pig

peritoneal leukocytes was stimulated 37.9% by the presence

of a homogeneous magnetic field of 6300 Oe. The magnetic

field modifies the surface tension of the leukoeytes by

changing the orientation of the molecules in the superfic-

ial cytoplasm and by stimulating dehydrogenase activity_

thereby releasing energy. (D.C.F.)

142. TOROPTSEV, I.V. 1968.

Morfologicheskaya kharakteristika biologiclmskogo deistviya

magnitnykh polei. [Morphological characteristics of the

biological effect of magnetic fields (animals, guinea-pigs,

frogs, fish).]

Ar_. Pztoi. 30 (3) :3-12.

A literature survey on the biological action of magnetic

fields and the results of e_perimental-morphological inves-

tigations are presented. As demonstrated, a direct magne-

tic field, ........... in intensity _,_.......l,_............na

kov cycles/see), 200 oersted in _.ntenslty, possessed a ....._,,A

biological effect. In a comparison of direct and indirect ma Z-

netic fields of equal e)_osure (6-1/2 hr), the indirect

field proved to be more active. Direct and indirect magnetic

fields proved to induce disturbm_ces of hemodynamJcs an(]

].ymph circulation. Histolozica]. inw_sti!<at:[ons demonstrated

a paretJc dil_tation of capillaries, edema of the lungs and

of the testicles. Dynam:[c investigation,_{ pointed to normal-

ization of the morphological picture 30 days after the field

action. The magnetic fields (direct and indirect) failed to

depress the regeneration process. (K.M.E.)

143. TRAVKIN, M.P. 1969.

Life in a magnetic field.

National ].end:ing Library for Scie_nce and Technology, Boston

Spa, linz]and, 16 pages. Jul.
(transl. of 1_tlm. i Zhlzn (tk<,SR) 9:22-25. 1968)

The his tory of maF, netob]o].ozica], r(,se;,rch is rcvJcwcd m_d ob-
served cfft'ct_; of m:O;nctic fie]d:; on ]Jvit_r, m_tt:cr arc

br[ei.ly out.] iHed. l.;,Hpl_as;is i,s plia-cd on: ti_c, (,lfeclLs o[

torrc_str[ii] Ii!:<91]et/I'.;lII on protopl;_m mow_m{'_t tin ]cnf ec_']].s;
the efloct.': of :incrpa:;(,d so.l;tr act ivitv wltll intcn.q_ified

e]cctrom._znctic fi('id:; op, cpidcrmi(: ,.ruption,'; on l_um:m'_; and
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low map,netic field induced disorientations in birds and grain

growth directions. Prolonged action of magnetic field in

simulated space conditions caused chanzes in blood composi-

tion of animals and produced conditioned reflexes in fish.

The theory is projected that cross-linking of tile biologi-

cal water n:ol_cules under the influence of a magnetic field

is the basis of its biological action througll changing the

orientation of the nuclear spin of hydrogen in the water

molecule. Also described is a theory that attributes bio-

].ogical effects of a magnetic field to informational reac-

tion of the external electromagnetic field with the living

systems by means of the field generated by the organism

itself. (G.C.)

144. I"fURAEVA, A.A. 1967.

Lechenie perimennym magnitnym polem troficheskikh yazv

nizhnild_ konechnostei i infitsirovannykh ran. [Alternating

magnetic fields in the treatment of trophic ulcers of the

lower extremities and infected wounds (human).]

Vop. Kurortol. FJzioter. Lech, Fizkul't. 32(1):48-50.

The regenerative process improved when treatment of wounds

and trophic ulcezs included use of a magnetic field. Treat-

merit may also include bandaging (including casts) and the

application of salves, in extensive tr.ophic ulce_,_, where

surgery is indicated, the magnetic field can be used prc-

operatively. The apparatus used is portable and simple.

The magnetic field also has an analgesic effect, (auth.

sum. trams] .)

145. TZENG, C.-]I., and H. HON-KAI. 1967.

Influence of a maznetic field on seed germination and activ-

Ities of related enzymes.

Chung Kuo Nung Yeh llua Hsueh l{ui Chih 5(3-4):80-86.

The influence of a magnetic field on peanut germination and

on the actJ.vitJes of sonic enzyme.°,was investigated, Seeds

were treated with a mngnetic field of 400 gauss during the

day for a tot;d period of 48 hours. The wh(,le seedling or

the juice of :its homol;eno.te w_:s analyzed. 'l'lleseedling

grown undc.r a maF,netic fie].d grew faster :_nd bigger them the

control; the main energy source for gct-mh_ut:Jon of the former

was carbohydrates and for t:he lact.er, ].ipJd::. In tlm ma_,nc -

tic fje]d--trc, at_d samples there was: an :increa,'_e of re,,pira-

tory quoti_,nt; no chap.F.e Jn }7(?._;pl]';t[[O1 ] Y_II(]_ ;tlld l_[zhcr

activit:i<,_; oI pyruv[c and lactic dchydroy,,'_:_:;_':;. 51la¢tro--

bio.qis wa:; an important ft_aIuv_ of tlt(_ I_.h_t_tbo] [:;1_ of l)(,;lllUt

._;et,ds e::po,';cd to ;1 l il:ly, II('t[c fietd durilk,'. }',t'l'II1illgltiOIt.

(p .p.I..)
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]46. UKOI,OVA, H.A,, E.B. KVAKINA, and g.Ya. CIIEI_NYAVSKAYA.
1969.

Energy metaboli,_;m of the hypothalamie-hypophyseal brain

zop, e in rats ex_posed to the antitumor effect of a magnetic
field.

Vop. Onkol. 15 (12):60-64.

Rats were subjected to 500-700 G magnetic field and indices

of energy metabolism were determined in: rats subjected to

magnetic field; rats with resorbed tumors after subjection

to magnetic field; rats with tumors after subjection to

magnetic field; rats with tumors _,,ithout subjection to mag-

netic field; and, rats in which the tumor grew in spite of

the effect of the magnetic field. The magnetic field ef-

fect was accompanied by an increase of intensity of tissue

respiration in the hypothalamic-thalamic region of the

brain of intact rats, those with resorbed tu>ors, but to

a much lesser degree in tumorous animals unaffected by the

magnetic field. The magnetic field increased free oxida-

tion in intact rats. Rats with resorbed tumors showed in-

creased levels of all oxidative processes, espeei_,l].y,

an increase of macroergic compounds. When the magnetic

fields were ineffective, the formation of macroergics was

the same as in rats with resorbed tumors. The magnetic

field increased glycolykic procesr;es in intact rats while

glycolysis level in rats with resorbed tumors rc1:_ained at

the level of rats _,-itn tuners. 'liramagnetic field e_]iecL

leading to resorption of tumors was accompanied by in-

creased oxidative processes in the hypothalamus-thalamic

region. (J .R.M.)

147. b3;OLOVA, M.A., and E.B. KVAKINA. 197].

The effect of magnetic fields on tumor growth.

Joint PublJ cations Research Servi ce, JPRS-52411, Washington,

D.C. 6 pages. 17 Feb.

(transl. of Vop. Onkol. ]6(2):88-91. ]_970)

The effect of a weak magnetic field (MF) on tumors induced

by 3-4 benzpyrene (sarcoma,_) and on the fir._;t gen(_rations

of transplanted sarcoma:-; obtained from tlm :i,nducc.d ones wa_

studied. Expeziment_; were condl_c.ted o_ 204 random br¢_d

rat:.q ;tlld Wistar rat._;. The rats were _;ub.]ucted to the ef-
fect of the bIF after the tumors reached an avers;,,(, _;ize of

0.41 pJu,,; or m illus_ 0.06. Atl il]tern,tting HF, crcatc, d by a

permanent bar m:);met xeith an inductJo:l of 500-700 Frm:;s,

rotating (rate of 2 rmp) o\,cr the tumor or Ihe :mi__al's

Ilcad, wa_; app].i(-'d for 15 _;,lnute,_; a day (t,v(,ry otb¢_r day

or dai]y). Adrcng_lin w;t._; i.llit'clcd in a st,l'[t!_-; el c:_,,_;<::;

,_;imutt;lmxm,;]y wi'th tile ;q_pljcat:i.,m oi 'II e. 'Fc,,:L:; Ofl I'21EN

with tg<ntt_p.l_tltL<td 'bt.'l.lZpyl't21l( '! SillT('.OII!;.I '::ho_¢ed that. HF in-
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hibits the tunlor growth up to complete resorption, during

direct action on the ttmlor a.';well as during action on the

animal's head. The anLitumoral effect o£ MF was increased

by adrenalin, only in those cases, where this effect was

weak. (K. B. )

148. \'ALEh_fINUZZI, H., and T. VAZQUEZ. 1968.

Desarollo de cultivos de 2etraTn.{mcna pyrifor}_s, en campo

magnetieo estatico homogeneo. [Development of cultures of

Tc.'trahymc'na pyr'7_brm_s in a homogeneous static magnetic

field. ]

An. Soc. Cient. Argentina 185(1/2):3-30.

Colonies cultivated in media of definite composition showed

a smaller mxmber of individuals when they were exposed to

the action of a homogeneous static magnetic field for periods

of 6 hr equally spaced within each 24 hr for a total of 72

hr (a tota] exposure of 18 hr). The field intensities used

were from 2000 to 8000 oersteds. The differences in growth
betaceen the treated and the control cultures amounted to

between 5 and 80%. (D.M.G.)

149. VAN NOSTP&N, F.E., R.J. REYNOLDS, and H.G. }IEDRICK. 1967.

Effects of a high magnetic field st diffnrent n,-_mn_ie nrc_-

sures and temperatures on mu] t_plJ c_t.ion of Saccb:.r_pol;_y(-:cg
ecrcvisiae.

Appl. Microbiol. 15 (3):561-563.

Tim application of a yeast as a biosystem for determining

the effects of a high magnetic field and other physical

phenom_ma was stud.iad, fhdtip]ication of C'a,:'.aha_'o',.'Uocn

c_-:zhvof'.;iac was obselwed dur.ing exposure to a magnetic field

of 4600 gaus;s. Cell popu]ations were determined at 24-,

48-, and 72-hr intervals, and possible interactions be-

tween the magnetic field and other environmental para-

tnat(_lS, such as time, tc;q.,eraturc:, and OSlnotic pT(::;surc,

were com;Jdercd staeistically. Tim main effect of the hi!;h

magnetic [Je]d wa.,_ a significant rc.duckion of co]] multip]i-

cat:ion during e.::ch time intarwll. SJl.',nilicant: inturact]ons

were found to occur betwem'l ter, q_eratur{_ and the l!l:t?,l]Qt][C

field at 24 hr, and bctwcc.n temperature and osmotic pres-

sure at c.ach samplin!; interval. S),nur,:Jst]c effucts of the

magnetic field ;rod o_u,aotic prc:_sur(, at both 28 and 38°C

wt_re non_;i,znil2ican t:. (Authors)

150. V.[ I_I:,NCll I K, W,H. ]967.

H_.,_tnilnyt' t,ll-_:kty v blo]ogi[.

or, y. ]

Ib_p. Sovrpm. 1_1ol. (_3(]):54-72,

[Magnct]c effect-s :in hie1-
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This r_vJew summarizes the results of a la_-ge mnuber of

(mostly American) works on ma_;netic, effects in biology°

Most of the works included in the review are qualitative in

nature. It was fotmd in many investigations that the or-

ganism begins to react at a curtain threshold value of field

intensity, after which the effect is combatant over a certain

interval of intensity. Some works note a maximum in the ef-

fect at a certain "resonant" value of field intensity. Many

data indicate that heterogeneous fields have a different in-

fluence on biological systems than homogeneous fields, some-

times even having opposite effects. Some of the contradic-

tions in the works studied may have resulted from failure to

include: all parameters of the magnetic field (direction of

lines of force, field gradient, _tc.) in the analysis; or the

differences in sensitivity of biological objects to magnetic

fields as has been indicated by studies of the agglutination

of erythrocytes under the influence of various agglutinating

antibodies, the activity of various types of cells in tissue

cultures, etc. (J.F.H.)

15].. VYALOV, A.M. 1967.

Magnitnyye polya kak faktor proizw)dstvennoy sredy. [Magne-

tic fields ss a factor in the industrial environment.]

Vestn. Akad. Med. Nauk SSSR 22(8):52-58.

lqle v.'orking conditions and p]:ysica] condit:ir_r,_ of operators

working with magnetizing and demagnetizing devices and ex-

posed to constant, variable and pulse-type m<Ignetic fie.lds

have been studied at industrial enterprises in a number of

cities. The workers were found to be subjected to actual

magnetic fields va_.-ying from 3-5 oersteds for pulse-type

apparatus to 150-350 oersteds near e]ectromaznets when the

safety rules are fol].owed, or suveral times this ].ev(_l if

the safety rules are not followed. Even persons working

near permanent magnets are subjected to wn:iab]e, magnetic

fields, due to the motions whicll they perform as they work.

This resu]t_ In the induction of electrical currents in

the bodily fluids, particularly the blood. Other changes

included edematmJs, pasty skin on the hand:_, hyi_(:rl<eratosis

of the patm_., difficulty .in moving fJng_r joints, paimful

sensatkons :in the distal portio_; of the h:md._;, _mp]L:a._,ant

sellf;atJ.Ol]S in thc glrt_l of tl_e heart, ch;mv, c:_ ill henri: tones,

bradycardia or modcrat_. _ t;,.chyc_ll-dJ a, rc, duced <II-t_l_J.;l]. ])]-('s-

sure, 21.%t]lt_,nic vt_s oul ar react:ion,':, ]'KC cl_anR_'::;, ]ncrc_a:;ed

excitabi].ity and l';!.;Gchant c:;, a_; well ;m ch;_nge._{ J.n the bio-

ehcu,[ea] [ndlcators and moi't;l_o]ogica] composition of the

pt'lT]I][lt!l?Jt] 1_ ]()0_] . '['ll_ ;lU{Jl(.lr r_,¢:ommen&; ] II('I'U;I:;.[I]_._ ll!;{}'lll2-"

t;ic fie'Jd il1[-unsity ot "700 oelTst_'ds fit the IJaud,_;, _.'ith a

gradient o_ 10-20 o(-l'st_'d/clii, 300 ocr:;|_'d:; ;it tht_ tmmk

w.i_h a Zv.idit.nt of 5-20 oer_;tcd/cm. (J.l.'.ll.)
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152 . Wi':llNE}i, R., and Th. I,AB]U_]_T. 1970.

Perception of the geomagnetic field in tile fly DT_o_oz)Iz'b_cz

r,h_Lcl_h)fT,2sI:02".

Experientia 26(9) :967-968.

Several species of insects of tile orders Blattaria, Coleop-

tera, Diptera, llymenoptera, and Isoptera have been shown to

exhibit in their orientation patterns the influences of the

direction of the magnetic field. The so.n'._ory mechanisms in-

volved in the perception of magnetic fields are relatively

unknown, l'xperimen[s wit]_ bees show the existence of an

ip,fluence of the geomagnetic fi¢,id on gravity perception.

llle apparatus is described by which this influ,.,ncc has been

studied in fruit flies. The deviation of the negative gee-

tactic courses of the flies from the zero-direction is shown

in a table in which the record shows the lines of inclina-

tion (30 ° to the horizontal) ascending to the South, West,

or East. bq_en flies were allowed to run straight upwards in

any celestial direction, a unimodal preference for a special

direction could not be proved. Preference for special direc-

tions with reference to tile geo_agnetic field were tested

on a horizontal plane in the absence of light and directed

gravitational stimuli. Under tlJese conditions the flies

did not move on the plane, llowever, their resti_og positions

were mainly oriented in the South-North and East--Ue.st di-

rections. It is concluded that \allen running on a plane at

an inclination of 30 _ to the horizontal, the _].ies showed a

strongly marked negative geotactic orientation performance

thus demonstrating the influence of the m_Jg_ctJc field on

the direction of the geotactic orientation. (A.R.T.)

153. LrERBER, H., R.H. SPARKS, and A.C. COETZ, 1972.

The behavior of weakly electric fish (SLcz'_zcz_'cT_.Z_ LzZb'Lf2"o_o)

in magnetic fields.

J. Con. Psych. 86:3-13.

A pulsed ma},.netic field, varying in intensity from I0 to 20

g_uss and in frequency from 200 cp:_ obove the fish's own i:t-e-

quency to 200 cps below it, was shown to elicit an approach

response from ";f:,,_v;(_;_',:,Tz:_; c_7,{_,',['z',_.),.:. 'l'hc fish sl,.o',..,c_d a si_;-

nificant preference for the area b_t_acc'n the, ;,_nF, nel,:ic coils

po.';it:Joned on either side of one arm ol- a T maze' witll thc_

field on, as co,,::par_:d with the field off. Hnxim:tl re,_:;ponsc:;

occurred at [I.t:qll(!rIcy rate,'; otl,cr than t-ho'-;e of the fi:;h in

a pattern t:ot:al]y dl._;simil.ar to that w:lkh iu,po:;ed cul:rent:

s timuli, Jnd:i cat il:g that r_,.,,;pon:-:{_ ¢o a l_l:l:,:'lt_l.I c f} el d i n-

vo].ve:; _;_oI"(: t:ha_.n simple ,_;cnsJtivity to ip, duco cu_*rt_nt.

(Authors)
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154. WEVER, P,. 1968.

Die wirkung schwacher elektro-magnetischer strahlung irdis-

chen ursprungos auf die circadianc period[],: des menschen.

[Tim effect of weak terrestrial electro-magnetic radiation

on the circadian periodicity of man.]

In: H. Buecker, ed. Extraterrestrial, Biophysics, Biology,

and Space Hedicine.

Johann-Wolfgang-Goethe-Ul_iv., Frankfurt Am Nain, West Germany.

p. 259-266.

The circadian period]city of hLunan subjects was tested in two

insulated underground bunkers, one. of which was shielded

against the effects of the static magnetic field. Individuals

or groups were isolated in the two bunkers for periods from

3 to 6 weeks. During the period of isolation, all activities

as well as temperature, urine samples, physiological, and

psychological data were monitored. A tendency toward inter-

nal desynchronization was observed, and a relationship exists

between activity and vegetative periodicity which appears

to affect optimum performance. Recommendations are pre-

sented for the application of the findings to space travel.

(Author)

155. WILTSCHKO, W. ].968.

Uber den einfluss statisdmr magnetfclder auf die zugorien-

tierung der rotkehld_en (7:':_fhczou._ _,_d::_c..uT.d). [Ol_ t]_;_ ir,-

fluence of static magnetic fields on the. migratory orienta-

tion of the robin (]f_[Shao_.s :m.J.'_.cz_[_).]

Z. Tierpsychol. 25:537-558. Aug.

Nigratory orientation activity of ]02 European robins was

observed during 775 nights. Results ind:icuted the follow-

ing findings and conclusions: l) a normal migratory direc-

tion was chosen without visual cues but in the pre:;ence

of the ]'arth's normal magnet:ic field (0.41 oersted); 2)

in art]fie]a! maznetic fields of nbout norma] intensity,

a chan!<e of t:h{_. direction of maznetLc North caused a cor-

responding c]lanZe in mJzratory orientation activity; 3)

in artil :ici a] magnet:ic fiie]ds of about doub]e the Horma].

intensity, movcm_nt of the birds was random or- was not or-

iented in the direct: ion of m:igrntJon; /_) Jn room:; with ic:ss

than l:ho norn_a], intens].ty of the i<arth's ma_\rletie fJe].d,

th( _. movcm('nt of the b:ird:; was a]so rrmdom; and 5) birds

kept for 3 d:Lys or ].on,.,,er :in a stcc.1 cha;;_be_r wJth a f[e].d

]nten:;:[ty of 0.14 o{_r,_;t:ed were aisle ther(:aft:_n7 t:o orient in

artific:ia] f:ic]ds i,avil_g field Jnl:c'nsitJe._: of 0.14, 0.30,

and 0.4] o_,rstud. (Autllor)
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156. WINT]:I_B}:P,C, F. 1967.

So:he theoretical considerations on the inhibition of tumor

growth by ultra,_trong n'agnetic fie]ds.

Arch. Biochem. Biophys. 122(3):594--598.

The forces acting on the microstructure of a biological sys-

tem were derived in a systematic way starting from Maxwel]'s

stress tensor. With a magnetic field above 100 kilogauss

and with a magnetic field gradient above i0 kilogauss/cm, the

magnetic forces acting on a cell may become strong enough to

disrupt cellular moiT6ranes and distort the ordered process of

cellular division. Since cancer cells seem to have a smaller

mechanical strength than normal cells, it might be possible

to selectively damage cancer cells by this method. Strong

magnetic fields can be most economically generated by a super-

conducting coil submerged in liquid He. A simple experiment

in vitro with a tissue culture could test the theoretical

predictions. (Author)

157. YOUNG, W. 1969.

Magnetic field and i_ s'_T. acetyldlolinesterase in the vagal

heart system.

In: M.F. Barnothy, ed. Biological Effects of Magnetic

Fields, Vol. 2.

P]en_n Press, New York. p. 79-102.

Effects of magnetic fields on an i}z s{_. frog vagal heart

preparation were studied. Fields of 2,700-]7,000 Oe appeared

to decrease the duration of vagal inhibition, to decrease

cardiac contractility, and to lead to high frequencies of
• .... 1_ "cardiac _],_?,_Ja_-ity at high fi(:ld strengths Acetylcho].i-

nestera_]e activity (I) was apparently increased by low

hom,_-ene_us m_gnctic fields Inhomozeneous fields in-

creased I in the early phase but caused arrhyt]mlic contrac-

tions later. At low field strengths, inhibitors of i such

as physostigmine reversed m:{znetJc field effects. The most

]i]<e]y '_Jt[.ta of actiPn of magnettic 1:Je]ds is thought to be I

at the myoneural jm_ction. (A.C.L.)

158. ZAI]OTIN, A.I. 7969.

I.'oto,qJntyez u magn:itnom po]ye. [Photosynthesis in a magnetic

f:io] d. ]

In: I.A. ']'archev._kJi, ed. l:unktsional 'nye Osobennost::i

KI _] o r o p ! ._..;t:ov.
l.:,'_;,an Un;ve,:sitet, t(._:an, l]S.qR, p. 91-95.

I'hotosynti_c_;]::_ :In a j:.J,'_mtic f.ic'ld of 2-3 win4. o]d wheat

p]:iI][._; ,QFf]WII [I] a i,l't.!_.:llll()ll¢]t_ Ul]th,l." l_,'_t:ural i]]lll!lill,lt-[Oll as;

a qand or ;u; a _,4_tt_,l" cti!turt', w:ith ;m _ldditi(m of l_alopp ,,;o-
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159.

]ution, vras" studied by measuring tixe amount of assimilated

C02, or by a decrease of ]4(]02 in an enclosed phol:osynthe-

tic chamber. The ]4C redistribution among the products of
" C • •photosynthesis after lo-m:umtc, exposure was determined by

2-dimensional paper chromatograp]ly and autoradiography.

Upon e>_posure to a static magnetic field for 25-30 minutes,

the photosynthetic intensity decreased by 15Z. Exposure

to a pulsating magnetic field had a similar effect. The

exposures to magnetic fields decreased the formation of

sucrose and he:,:oses, and increased the formation of phos-

phate ethers, amino acids (esp. alanine), organic acids

(esp. malic acid), and high-polymer con_)ounds, due to the

considerable decrease in ATP formation. (3.S.)

ZHOKHOV, V.P., and E.I. INDEIKIN. 1970.

O sv-yazi ostrykh pristupov glaukomy s kolebaniyami mag-

nitnogo polya zemli. [Relationship bet_,Teen acute attacks

of glaucoma and changes in the magnetic field of the earth.]

Vestn. Oftalmol. 5:29-30.

The re]stionship between the incidence of acute attacks of

glaucoma (130/_ observations) and geomagnetic field fluctua-

tions was studied. A direct dependence between the number

of applications for medica], help in connection with acute

p_:rturbation existed. Horeover, glauco_)xatous pa_cienta

showed a statistica]!y significant difference in mean w:dues

of the horizontal compone_it of the geomagnet:ic field in the

days with and without acute attacks. (S.B.)

160. ZOLYNE%K, C.C., and C. C/,DI_CU. 1968.

Comportarea in cimp magnetic uniform si cu impu]s_ri rectan-

gulare a formei dip]oide si autotetrap]oJde de _'hL.7opU_?_m

¢_cq_._n.,_m Moench. [Tlle b ellavior of diploid and autotetra-

ploid forms of _(,,,?ot_JPd....c{7ot_,_n_:?,_mMoench in a unifo_m_

mangetic field and with rectangular impulscs.]

An. StJint. Univ. A. I. Cuza iasi, Sect, ii (A) Biol.

14(2) :257-261.

A uniform ma_inetic field with an Jntcnsi_'y of 8-27 Oe and

rectangular impu]ses with an intensity of ]00-300 Oe had no

g(,nctic cifk_ct o:' 7"_<i<T7!s':_mseeds. Tim magn_tic fields

s timu] al:c.d]cngthwis e zrow th o f roots and Ib,poco ty],_ on]y

at specific ].ntcn';:lLie. _{• The t:ime factor d:id not: _;ec.m t.o
caus_ ;m :in,::r_a_;e :[u st:imu].ation_ Tim e_:lec[ of tl_e mnF,-

w_tic. ] i.eid apl)t'.;_rcd to he, on the _)CFJ:¢)FI;I;,:I]t'e _llld c.enr;('12 -

tr;_t:ion of i<m_;, tht::; produc[nF, ell;raZe'; ill tl_,:_ pc_rm_.,;fl)ility
of []lc ll_(_ml)r;lllcs itll¢l ](_;td[ll}.,, [7o ;/It_.l'cllion In th(_ tol::.,l

c:wrzy pot_:',_tJ.;_l ;_¢l lilt ?,t!l](,r:l] t;:cL:fl_oli_',t_ _, of tl_e p l'mt:.

(s._:.)
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]61. ZOL'{_<I',AK,C.(:. 1968.

Tratarea combinata cu raze gamma sJ cimpuri magnetice omo-

g_ne a semJnte]or uscate de forma di,p]oida si autotetra-

ploida de L$_,:_op,_'sz'con_c;_Llc'ni_2zmM[]I. soiul 'Yellow pear-

shaped.' [The com_,)ined treatmc, nt with gamma rays and homo-

geneous magnetic fields of dry dip]odd and autotetraploid

seeds of L_/_:opu_,_,{/concscz_(o_z_m_z Mill. cv. 'Yellow pear-

shaped. ']

An. StiJnt. Univ. A. I. Cuza Iasi, Sect. II (A) B_ol.

14(2)-263-266.

Tests (zrowth of length of roots and hypocotyl.,{, chromosomal

aberrations of sprouts from dry seeds treated successively

with gamma rays and magnetic fields) w_re carried out on

2 forms (2x=24, 4x=48). The homogeneous magnt, tic field

decreased the inhibitory effect of the radiation, thtLs

producing a modification in the spectrum of postirradia-

tion effects. (A.B.C.)
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acids J.n guinea pig blood.

maanc_,tic effect: inhibi tion

s tim_._iation

mixed respon_e

63

65

21

65

60

BLOOD, volume

Preliminary study of the effects of a uniform magnetic field
on the blood.

Therapeutic effects of constant and low frequency alternating

magnetic fields°

ma_etic effect: i_J_ibi tion

no response
s ti_Tulation

16

35

16,35

16

16

BODY FLUID, cellular fluid

Influence of constant magnetic field on blood and central

nervous system of man and animals.

Effect of constant electromagnetic fields on blood ilow dy-

nan_ics in warm-blooded animals.

62

81

BODY FLUID, lymph

Biological effect of a constant magnetic field.

Biological effects of magnetic fiel&_.

blechanism of the biological action of constant magnetic

fields.

Norphologica] characteristics of the biological effect of

magnetic fields (an:ima]s, guJnea-pi_,s, frogs, fish).

50

94

109

142

BODY FLUID, peritoneal fluid

'l'h _ • +:_ +e_ect of a constant magnetic field on khe ascitic tumor
Sarcoma 37.

107

BONE FIARI,K)W

Effect:_; of the magnetic field on internal organs and the

_:ndocriY, c uy,_;tc,,n of mice.

79



BONE HAKP,OI.! (continued)

Changes in marrow hemopoiesis due to ionizing rad:iation and

chemical substances used in combating mal:ignant tumors

against a background of magnetic field usage,

magn_tic affect: i_n;bition
s ti_m_la tion

22

5

22

CAFFEINE

Effect of a con,_tant magnetic field on the bioelectrical ac-

tivity of different formations of the rabbit brain.

85

CARBOHYDRATE, metabolism, glucose

Hetabolic modifications in rats under the influence of mag-

netic fields (m.f,) with different characteristics°

Effect of magnetic fields on carbohydrate metabolism. II.

Effect of magnetic fields on sugar leve], lactic and py-

ruvic acids in guinea pig blood.

Influence of magnetic field variations on the growth of cer-

tain microorganisms.

60

65

91

CAi_'J_OH_Dib'_i'E,me=aboiism, glycogen

Action of magnetic field on the energy .... L.._I 4c.me .........m of ciliates.

Energy metabolism of the hypothalamic-hypophyseal brain zone

in rats exposed to d_e antitumor effect of a magnetic

field.

ma_ne ti_c ef./_a_ot: ,_ti_r_lation

39

146

39

CAIOJOHYDRATE, metabolism, lactic acJd

Action of ma_,_netie fJ.eld on the energy metabo].ism of ciliates,

Metabolic modiiJcations :in rat_ under the influ_m(:e of magne-

tic fields (m.f.) with different ch_ractc!r-istJ.c:;.

Effect of magnetic fields on carbohydrate m,'tabo]_ism. II.

Effect of maF,netie fi(,]_ds on sugar ]_evcl, lactic ;Jnd

pyruvic _.;cids Jn gui.nc.a PJZ blood.

,_.aj_,,_i-:,: <fleet: _'timL_iat:on

39

60

65

65

CAI(I_OItYDI(A'I.'E, mat:al,olJ:_m, pyruvic acid
M¢:_t.abo]J c li_od.i ii (:,lI'j O:1',; [11 _at_; m_d¢:r t:llc: [.nf] uum:e of magne-

tic field:; (m.l.) with diifercnt ch;_racter]t_tLcq.

6O

8O



CAItl;O]!YI)iOkTE,r,_etaboli,,;m,pyruvic acfd (continued)

Effect of m,ag_etfc fiieJd_; on carboilydrate metabolism. II.

Effect of magnetic fie.Ida on sugar level, lactic and py-

ruvic acids in guinea pig b]ood,

mcz:Tm_t.ie cJ'j_'ct:: :__:-/::,_xT.al.iotz

65

65

CARBON DIOXIDE, environment

Physiological and chemical features of magnetically treated

winter wheat seeds and resultant seedlings.

112

CARBON DIOXIDF, gas exchange

Hagnetic _ffect during pimtosynthesis.

Biomagnetism and plant life.

The action and aftereffect of a constant magnetic field on

the respiratory gas exchange of the roots of Vicia

faba L.

Photosynthesis in a magnetic field.

7O

99

134

158

CARCINO)_, adenocarcinoma, HK

Investigations of the effect of comSined e!ectroma_tetic

fields on neoplastic malignant growth. A contribution

to the prob]_,_,

114

CARCINOMA, ascites Krebs 2

Invcsti,;at:[om_ of the effect of coml_:ine,d elect:romagrmtJc

fields o.-:r_copJm; tic ma_I.ignant grey:the A contribution

to the problem.

114

CARCINOMA, cell strengti_, theoretical

Some tl-_eore'.ticr,.iconsideration:_ on _:llcinhibition of t_m_or

grow th by u]. Era.< l:l:e, nl; m_F.netic f:i. e.l.dq.

156

CAi__DIOVAf;CULAR SYS'.'..'iI__.I: See al.bo BLood.

CAt'd) t.O\'ASCULAi{ SYS'I'I::,I, b lo,,_d prc,,;,:'uro_

']'i_e.r_:ll_CUtiC ,'i i_:¢'t-_; of ct)n:_i-..'lI!t- ap, d ].ow frequency a]t.ernat-

7ing magnetic f ic].d.u.

35

CAI<I)JOVASCULAR SY:;T}2.i, b]o,._d ,'c.;se.l

Vcctorcard[o..',,:,_ arid itOl'tic b]ot;d i lc',4 ,,f ,;qui. rrt:] m,.)nkcvs

(Uaimirt :;_'i_,:, _:_) in :t _;l.l'Oll_; :;tlp,'l'COlldtlct ire e](wtl.'o--

IIi;t }_,1! C [" ,

10

_1



CA]{DIOVASCULAI{ SYSTEM, blood vessel (continued)

Changes in blood content of trace elements in patients with

thromloophlebitis of the lower extremities under the in-

fluence of a coustant magnetic field.

Morphological characteristics of the biological, effect of

magnetic fic]_ds (animals, guinea-pigs, frogs, fish).

43

142

CARDIOVASCULAR SYSTEM, blood volume

Preliminary study of the effects of a uniform magnetic

field on the blood.

Therapeutic effects of constant and low frequency alternat-

ing magnetic fields.

magnetic effect: i_ibi tion

no rcspomse
stimulation

16

35

16,35

16

16

CAI_]IOVASCD_AR SYSTEM, circulation

Vectorcardiogram and aortic blood flow of squirrel monkeys

(Saimiri sciureus) in a strong superconductive electro-

magnet.

Therapeutic effects of constant and low frequency alter-

nating maFnetic fields.

Biological effecn of a constann magneuic field.

Magnetic fields in biology.

Electromagnetic separation of biological particles.

Magnetotherapy of patients suffering from o])literatJng di-

seases of the peripheral vessels.

Effect of constar_t e]ectroi_agnctie fields oa blood flow

dynamics in _arm--bloodad ani:_m]s.

Changes in the erythrocyte scdimc_tation rate of rabbits

due to exposure of the central nervous system to a con-

stant magnetic field.

Morphological characteristics of the biologica] affect of

magnetic fie].ds (animal.s, guinea-pJzs, frogs, fish).

magnct_a effect: i_Zfbition
s tim_ ia{:ion

i0

35

5O

73

74

75

8].

82

142

81

75

CAI<DIO,VASCUI.AII SYSTflM, disea:;___,blood w:_<._{e],atherosclero._:is

Nagnctothcrapy of patients sufferJ1_}: [rom ob]itcratling d[-

sea,_;c:s of tho pcriphc.rul vc,_me]s.

75

CA]i])IOVASCUI,A]{ SYS'I'IIM, di._:c.u_;e, b]o-)d vc:{:;,,,1, (mdalt,'titi:_

M,uznototh,..r;_t_,,' c,t i_at-i_.nt,; s_lffcrtn,.t fr'om oblitcr:ltfnz di-

s{rases ol t!le.p¢l'iph,'r,_i vc_;:;o]_;.

75



CARI)IOVASCULAR SYSTEH. disea.qe, blood ve,;sel, thro,_bopl_lebitis

Cilang,_.'; ]n b].ood content of trace e].c-ments Jn pat.i_c_l!:s with

tl_roabophlebitis of the lower extro_mitJes under the in-

f.l.uence of a constant magnetic field.

43

CARDIOVASCUI,_\R SYSTEM, disorder, blood vessel, thrombo-embolism

Iiuman after-effects of internal solar activity. 116

CAR])IOVASCUI,AR SYSTI_I, disorder, heart, arrhythmia

Nagnotic field and in situ acetylcholinesterase in tile vagal

heart sys te_m.

1.57

CARI)IOVASCULAR SYST_'2,1,disorder, heart, myocardial infarction

Effect of solar activity on the development of myocardial in-

farction and subsequent mortality,

Human after-effects of internal solar activity.

mazzct[c e_?ffect: stimulation

98

116

98

CARDIOVASCULAR SYSTEM, heart

Effects of the magnetic field on culture of fibroblasts in

\,j tro.

\;ectorcardiogram and aortic blood f].ow of squirrel monkeys

(Saimiri sciureus) in a strong sup_rconductive electro-

m_,g1_e t.

Hagnetic fields.

Hagnetic fields in biology,

Haguetic fields as a factor in the il]dustri;l] en\,irom;_ent.

N._,tnetic fffc]d and in situ acetylcholinest_crase in the v;_gal

heart syst_m.

2

i0

17

73

].51

157

CAPDIOV.\SCULAR S".!Si'E'.I,heart, electrical activity

Vectorcardiogram and aortic blood flow of squirrel monkeys

(S_N._'iri _-;ciurev.s) in .3 strong supc. rconduct:.kve cJcctro-

biaIiSnct;.Jc J:Lit:]c)S i.l_ bioloi;y.

12ff,_c:ts oi a ::_trong constant ma}:,:lctic fici.d on the autoac-

ti',,i ty of lie]i:.: in norr_,)N_3r;-_ia.

}'Idgt'tetic f/aids as a factoc in the indust_.[a] t,nvirollmcnt.

i0

73

90

1.5.1

[1_0,90

C/:RI._I OV,,'\2;CIJLAR "' ......... 1 _ , . t.-_. i*.'[, ,Iv;,_17[_, li'(.diNl].C,ta. ;tct[vJtV

Ve(_.torc,_trdj _;.:l'ii_:: alld ,tort: ia bilood l;l,_'..: o t7 :;q_:i rrcl monl._:y..-

(SililniJ [ SCiilrCU:;) Jn a .qlLIoll_y, "jtlpe'FCOlldUC[.iVt_? ¢e]cctro-

Ni;t {' I't t * t.".

10

83



CAiil)]OVASCULAR 5YSTILXI, heart, myocardJum

Changes in the sympathicoadrenal system caused by exposure

Jn a permanent magnetic field.

Effects of a strong constant magnetic field on the autoac-

tivity of Helix in normothern_ia.

The effect of strong inhomogeneous magnetic fields on serum-

free cell cultures.

46

90

I]8

CARDIOVASCULAR SYST]'_I, heart, rhythm

Magnetic fields.

Effects of a strong constant magnetic field on the autoae-

activity of He]ix in normotherl_.ia.

Magnetic fields as a factor in the industria] environment.

Magnetic field and in situ acetylcholinesterase in the vagal

heart system.

magnetic effect: mechanism, biological
_nm._z tion

17

90

151

157

90,157

17,157

CARDIOVASCULAR SYST,F_I, pulse rate

Susceptibility of human subjects to weak magnetic fields.

magnetic effect: stimulation

89

89

CELL STRUCTURE: See Cell wall; Chromosome; _indopiasmlc J<eticuium;

Membrane; Nucleus.

CELL WALL

Sensitivity of some plant material to magnetic fields. 42

CIIIiblILUMINES CENCE

Spontaneous ultra-weak chcmilumJnescence, of plants in rela-

tion to cllanzes in their vital activities in a station-

ary magnetic _ie!d.

_.i_<<..'L" -,/:iOnl,J._'/l_?u,.<; _. _ ,, -,.,-
,_/.:i,',':>:_a t. i c,,z.

4O

40

4O

Cli],OKO l_ilYLL

bk_,znetic field cfJect on the ch]oropl_yl], l:]L{oro:;ce.n,:c in
(:ll Ior _'_1.La.

']'ht' c'i:f¢'cto[ o!'[.¢.'nt._:tJ.(n] o] t:he ].,'_t and rL!:ht ,_;,t'ar l_ct-

fru.it:.,; :in lieu l;_'rth'_;,m:i!'ll'..:ti.c f[,.'.ld On S_m_,_ pllys_oloZ[-

Cal [)ro<c.:;,';_s ot I_.]all[-:4 d¢_vC]Ol_<_d [i*{nu L}l('lli.

52

97

84



C'ttl,ORPRO>b\Z [ NE

Effect of uninterrt,!_ted pulsating electrom, agnetic fie].ds 63

on pla_ma protein fractions and the coagulation process

in the rabbit.

Effect of a constant magnetic field on tile bioelect.rical ac- 85

tivity of different.formations of t:he rabbit brain.

CHROMO SOME

Influence of magnetic field variations on the growth of cer- 91

tain microorganisms.

Analysis of possible damages of chromosome structure in a con- 133

stant magnetic field simulated by condensed submolecular

I)NP-sy s t_;m.;.

Magn_:tic effects of magnetic fields on Drosophila melano- 137
gas t er.

Biological action of a magnetic field on the mitosis and 139

the chromosomes in the radical meristem of Vicia faba

L.

The beimvior of diploid and autotetraploid forms of Fagopy- ].59

rum esculentum Hoench J.n a uniform magnetic field and

with rectangular impulses.

Tile combined treatment with garmna rays and homogeneous meg- 161

netic fields of dry diploid and autotetraploid seeds of

Lycopersicon esculentum Hill. cv. 'Yellow pear-shaped'

CO>?_[U?'TiCAT ION, anima 1

An exploratory study of the effects "_ " _,,_ an A.C. magnetic field on

upon the behsvior of the Italian honeybee (Apis mel]ifica).

Electromagnetic fields and organic nsturc. 55

The Earth's magnetic field affects the or icnltatTon of honey- 83

bees in the gravity field.

Electcomagnetic fields and life. ]].7

COM?,i.UN]iCATION, social psychology

!!uamn after-effects of internal solar act:iAdty. 116

COI_D].TION]N(_, c_coustic ref].ex

'riLe :[.nf.l. ut'nce of magl/et:ie J.nformation on the otis:at'ation 44
O1! the indigo bunc:i.rlF,, .P_l:;s-;t_r.in_l cyanc_a.

Invest:[.)_atiop,._ of rhe. rc_ict:ion,_.; of l]l;Hl?]Hii]..ia_] bl'aJ_ll t_) ::;tat:i.C 69

n/_!_;nt:t.ic lJk_]ds.

Susccpt:ibilJty e,f hum_m subject._ to wuak magneti.c f.i.ol.ds. 89

1.2

O _)



CONDITIONING. avoidance (contJmi(,d)

The ilifluence of magnetic information on. the orientation of

the indigo bunting, PasserJna cyalloa.

Influence of variable low fr_quency m-_gnetic field on devel-

opment of eluctric defen._;e (:ondition(:d [ef]exe_; by white
l';_.tS .

Investigations of the reactions of manm_alian brain to static

magnetic fields.

Biological eflccts of magqlctic fields.

ELF rotat:ing magnetic fields: ]'renatal exposure and adult
behavior.

t._;a_netia eff_at: i_#_zibition

s tit_ la tion

44

49

69

94

105

105

12,49

CONDITIONING, food seeking reflex

Biological effects of magnetic fields.

Indications of a relation between the magnitude of the phy-

siolog:ical indices of the hLunan and animal states and the

degree of disturbance of the geomagnetic field.

magnetic effect: i_J2ibition

94

113

113

CONNECT]]VE TISSUE: See FJbroblast; Int(_!ument; Reticuloen-

_'utaul_ Sys Lee.

CULTURE, algae

MLu_n_;tic field effect on the chlorophyll fluorescence in

Chlor ell a.

52

CLJLTLTLLL'J,bacterial

G_owth of Staphylococcus ;lureu:_ in a null magnetic f[uld

eIIv j. £(t i_i]_,c?i I t.

HL;itJ_L]:Lc;:tJon of bacteria and bactc'_T:i(_pll,q_esLn o m,_gn.etic

f:i(:]d.

!ilia e_l(_ct of a pc__rluctnont i_:i{,,ne.tJc JLc_'].d on tt_e sail:;it:ivity

of bactc,.ri_] pop,il _ILJ Oli5 [ c> ,illl;i[,ioti c:; .
St:ud:ius on tht: c:ll]]t'CtS Oi ;.l C:Olt::;l:mtlll ii_;:l\ilt._{:iC L'i[old on the

ol_,z.yiri_il [c ,qcLj.vity t)_ lilt, co]oll ]l:_ctlJti.q.

]Jl)f].u<_ce t)J re'IF, lie!tic fJl. Jd \';!l:ial[olis oil the gl:owth of ccv.

t::.l] ;l ;u-i c: i'oorj?.Li_l i_._;i_L_;.

}'_[:Jt'.Ct Of zil;l!'lIt'l. JC i'[t>]C]L'> on the :-;ttn:-;Jt[vJt\" <_; ;' '''1 I- (:!+_-[l_l t °

:t_'_.t .ib i c_t i a_-;.

f;[ti_Ii*"_ OYl t_;l(_+,t'T!_']. _'TO_,,'i.h: ]][. 1" ,';c__,<; o[F, tiyviic;I] lleFl;ur-

t);i{-i_q]!; C,l: l_,.!t:t(,i-{;ll );ltIWI I'

]litlilt'liCe el: {:]l.atro;_:;l$'.t_ '_ ilc, J,t,; {_n l:ir.),lll<}l{}Ttic;ll l'e,lC'-

ILJ();!:l. .iilil_l,.liCc, (-_f +,:::cU'('ili't}tl<; II/,l!'llt![jC lJ,..t,l:; oil ph;lF.o-

('_,'ltJtt]i; l'' ,,it '

86

.].].

31

67

76

9 .i.

102

]06

l/i I



CULTURE, protozo;J]

The effects of a magnetic field on a unicellular infusoriam 38

(Paramecium caudatLun, St.).

Action of magnetic field on the energy metabolism of ciliates. 39

Blepharisma growth in "null" magnetic field. 53

Effect of static magnetic field on t;hc phagocytic activity of 72
I>a 1-al;_ec i_.

Development of cultures of Tetrahymena pyriformis in a homo- 148

geneous static magnetic fie]d.

CULTURE, tissue, fibroblast

Effects of the magnetic field on culture of fibroblasts in 2

vitro.

The effect of strong inhomogeneous magnetic fields on serum- 118

free cell cultures.

CULTURE, tissue, heart

The effect of strong inhomogeneotks magnetic fields on serum-

free cell cultures.

118

CULTURE, tissue, kidney

Effects of magnetic fields on cellular respiration.

Cellular respiration in intermittent magnetic fields.

3O

103

CULTURE, tissue, liver

Effects of magnetic fields on cullular respiration.

Cellular respiration in intermittent mugrmtic fields.

30

103

CULTURE, tissue, macrophage

Effects of magnetic fields upon biological systems. 27

CULTU]_, tissue, neoplasm, HeLa
E[ _ _'" of_.cct .... r,<_gnetic fields on ce].].ul.;,r respiration.

Cellular respiration in intermittent m:_gnc,tic fields.

30

103

CULTUll]_, tissue, neoplasm, ascites Sarcoma 37

I.;ff_('t.qof maznetic fie]ds on cellular rl_spirat:ion.

Effects of a ma_inetic field on ])NA syntl,e,;is by _,,_cLit(.,sSar-

com}_ 37 ce].l.,.;.

Cellular rc:;pirat:ioa in illtt'_rmittt'.tlt lnagnet]c fi(:]ds.

30

4]

1.03

CULTUI_V, yca:::t

Cellular respiration in intermittent u;a!,,netic f/elds. 103

g7



CULTURE,yeast (continued)

Effects of a high magnetic field at different osmotic pres-
sures and temperatures on multiplication of Sacch_Iromy-
ces cerevisiae.

149

DEVELOP,_n_}_ALBIOLOGY: See Egg llatching; Embryonic Tissue;
Evolution; Germination; Life Cycle; Life Expectancy;
Metamorphosis ; Morpll ogcnesis,

2,4 DINITR()PHENOL
Action of magnetic field on the energy metabolism.
Physiological-biochemical variations of seedlings of Vicia

faba in a constant magnetic field.

39
135

DITHRAZONINEIODIDE
The influence of magnetic fields on susceptibility for toxic

compoundsin Spirostomium ambiguumEhrb.
124

DNA
Effects of the magnetic field on culture of fibroblasts in

vitro.
Spontaneous ultra-weak chemiluuMa_escenceof plal-_ts in rela-

tion to changes in their vital activities in a station-
ary magnetic field.

Effects of a magnetic field on DNAsynthesis by ascites Sar-
coma37.

Magnetic effects of magnetic fields on I)rosophila melanogas-
ter.

magnetic effc_at: inhibition

2

4O

41

137

41

DOG

Indications of a relation between the magnitude of the phys-

siological indices of the human and o_imal ,_tates and the

degree of disturbance of the geom:_gnetic field,

1].3

EGG IIATCIIIN(;

Lack of effect of constant magnet].c field,'; on I)rosol_hila egg

hatching time.

132

132

_8



l_ EC'['RICFIELD
Action of e]_:ctromagnetic fields on blood sugar level in nor-

ma] and diabetic stf_jects.
Electromal;netic. separation of biological particles.
ElectromaF_netic fields and life.
Hotion of P_r_meciumin static electric and magnetic fields.
The frequency range, for the electrical and magnetic induc-

tion of subjective light patterns (phosphenes).

21

74
117
123
129

ELECTRICALINDUCTION
Hechanismof the action of magnetic fields on biological

systerns.
Electromagnetic fields and life.
Magnetic fields as a factor in the indtmtrial environment.
The behavior of weakly electric fish (Sternarchus albifrons)

in magnetic fields.

magnetic effect: stimulation

34

117

151

153

151

EI,ECTRICAL POTENTIAL, ])rain

The effect of magnetic fields upon the central nervous

sys tern.

Effect of magnetic fields under industrial conditions op.

the central nervol_s system. (Electroencephalographic

Inf!uenca of constant magnetic field on blood an(l central

nervous system of man and anima]s.

Investigations of the reactions of mammalian brain to sta-

tic magnetic fields.

Magnetic fields in biology.

Susceptibility of hun,.an subjects to weak magnetic f:ields.

]_iological effacts of mapnetic fields.

The frequency range for the electrical and _agnct.[c J.nduc-

tion of subject:iw' light pattern_; (pl_osphene.'_).

Magnetic field,,_ as a factor in the. industrial environment.

8

19

62

69

73

89

94

129

151

ELECf}:t](_A],POTENTIAL, heart

Vectorcardio!!ra:u and aortic blood flex0 of :qquJrrel monkeys

(Saimfri sciu_e.u:') Jn a s tl:ong superconductive c_]e<t.ro-

ma gn et.

bl_?,nctic field:" in bJo]oFy.

Effect_ of a strong coIl._;tm_t rna>?.netic field on the aut-oac-

tivity of }lcl5": in no;-,fot.l_,,rm[i_.

Hagnetic field:; a'; a fact:or in the indu:;trJ.a] envil._mi',,,_mt.

].0

73

90

131

}';I.IiCT R[CA1. I'OT ENT 1AL, mcmb ran e

(i_hCllli(I'.q ill ._qodlum :,',td ],ota:;.,:ium Ci.)I!t(?I_I: 0[" /II7[I'1I._ l:rt)ill lYlC(2

•;ubjcc. t.cd to i;_tc'l:;¢_ u:ak;ntetJc fit,/d:;.

59

89



ELEC'fRICALPOTENTiAL_membrane(continued)

Biomagnctic hypothesis.
Changesin the membranepotential of cells of the alga Ni-

tella flexi]is under the action of a steady magnetic
field.

The behavior of diploid and autotetrnploid forms of Fagopy-
rum esculentum Moenchin a uniform magnetic field and
with rectangular impu]ses.

magnetic effc_ct: ir__ibition

s tinT,_t_7a tion

8O

127

160

127

160

ELECTRICAL POTENTIAL, muscle

Mechanism of the action of magnetic fields on biological

systems.

Magnetic fields in biology.

34

73

ELECTRICAL POTENT. IMp, nerve

Magnetic fields in biology.

blechanism of the biological action of constant magnetic

fields.

Conduction velocity in nerve exposed to a high magnetic

field.

73

109

12 _£.

]2 _

ELECTRICAL POTENTIAL, skin

Scientist reviews problems of space psycho]oF,).

Biological effects of magnetic fields.

Indications of a relation betwue_) the magnitude of the phys-

iological indices of the human and animal states and the

degree of disturbance of the geomagnetic f:ie]d.

,ia6_.ctic affoat: _tim!_l_tion

77

94

113

113

EL ]{C'17RO CAR [)IO G[h_J,i

Vectorcardiogram and aortic blood flo,,_of squirrel, mop,keys

(Sa:[miri sciur_ms) in a ,_;trong sul)erconduc:li\,e c].ectfo-

MnznetJc fie!d._; jn bio]ozy.

}_]]f<:'.<:ts o[ a s tro:q., (:ol):.;Lant m,,:<,:nc_t]c field on t}_¢ .-_t;tosr-

tivity of Uu]ix in norm,,Jtilerm.ia.

Magnetic fie].d,q a:; a factor ].n the :indtw, trJa] u.nv[ron",_<mL.

maq_;ctio ....:"" ....... ; '_ ": " _ "> "

]0

73

9O

] .)].

90

i0 ,90

9i.]
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EL ECT ROENC EPI LhL 0 Gi_'_.M

The effect of magnetic fields upon ti_e central nervous sys- 8
tom.

Effect of magnetic fields under industrial conditions on 19

tile central nervous system. (i{lectroencephalographic
data) .

Influenca of constant magnetic field on blood and central 62

nervous system o17 man and animals.

Investigations of the reactions of mammalian brain to sta- 69

tic magnetic fields.

Nagnetic fields in biology. 73

Effect of a constant magnetic field on the bioelectrical 85

activity of different formations of the rabbit brain.

Susceptibility of human subjects to weak magnetic fields. 89

Biological effects of magnetic fields. 94

The frequency range for the electrical and magnetic induc- 129

tion of subjective light patterns (phosphenes).

Magnetic fields as a factor in the industrial environment. 151

19,69

69,85,89

maunetic effect: inhibition
s tim_ lat i.on

ELECTROI[INETICS, microorganism

Electromagnetic separation of bJologic_l particles. 74

ELECTKOLYTE, calcium

Changes produced in urinary sodium, pot.ass[urn, and calcium 58

excretion in mice exposed to homogcnco_s electromagn('.tJc

S t_esS.

Ne(_'hanism of the bio]ogical action of constant magi_ctic 109

fields.

ELti<':]'I_OLYT!_, dissociated salt

Biological eff___ct of _ constant magiletie field.

BJ omagnetic hypothc._;is.

50

P.0

E] AIC'fI_OLYTE, c:<c re t i.on

C]l;iI-:gcs l)]<_, u(.,,,d ill _._rill.-_-l'y so(][<::ll_ l'.otassium, and ca.lc[um

e:-;cYetJoll :[II ll]J C<2 U]:I}O:;,,'([ to l_o'_o/,'.c_li'o{_,'{ci(_'.ctI'o__:l['31t_tlc

S t l:eSS •

Ch.an<es it: sodium _,nd pota:;._.;i_mlcont(:nt of Uk'[!le fr',,,mmice

subjected to it-Llcn:;em:_znctia fields.

58

59

5g, 59

9].
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EL ECTiiOLYTE, po tas sium

Changes produced in urinary sodium, potassium, and calcium

excretion in mice exposed to homogeneous electromagnetic

stress.

Changes in sodium and potassium content of urine from mice

subjected to intense magnetic fields.

Hechanism of the biological action of constant magnetic
fields.

The behavior of diploid and autotetraploid forms of Fagopy-

rum esculentum Hoench in a uniform magnetic field with

rectanguJar imlmlses.

58

59

109

].60

ELECTKOLYTE, sodium

Changes produced in urinary sodimn_, potassium, and calcium

excretion in :nice exposed to homogeneous electromagnetic

s tress.

Changes in sodium and potassium content of urine from mice

subjected to intense magnetic fields.

Effect of variable magnetic field on the sodium permeability

of isolated frog skin.

Hechanism of the biological action of constant magnetic

fields.

The behavior of diploid and autotetraploid forms of Fagopy-

rum esculentum Moench in a unifomn magnetic field with

rectanf, ular impulses.

ELECTROf_kGNETIC INDUCTION

Electromagnetic fie]ds and organic nature.

Electromagnetic separation of biological particles.

Life in a magnetic field.

58

59

93

109

160

55

74

].43

ELECTRON TiUO_SPORT

Hagnetic field effect on the chlorophyll fluorescence in

Ch]orella.

52

}tqBRYONIC TISSUE

l;ffects of the magnetic f-ie!d on culture of fJbrob]asts in

vi tro.

])io]ogica] eff_cts of mc_gnetic f:i.e]d_.

]_ifoct:.;of t[_ lin{}ul{_t::ci?J<,Ido_.lintcrn;:.[ o::!ulll:;al]d th_

e:]docl::[:_c_.:y::tom O.[ P,,_icc.

Effcc'ts of ma}:n,_.tJc I ic].d:;on cc]]u]a; rc_;pi.._:;d:Jon.

Sc,n,,_:itivi ty ol ,,-:ore,.,p l:t::t,n::::__ria[ to n:,_.unet:[c [.ic].d',;.

l::fI,,cr::ol tl_, >,tg':t:idc i.i:d<lo:: the. tivin!: _,r:,.,:ni,,;nl.

'.['h_.! t_'Jc'Ct Of I:[F,[t-Ffi':::[{:-q]t, |:J!:h'-::L]':'l]}',[:]I m::F.ll::i. [C [.:.t']d._

on t:i{: e;_J'.ly _:mbr)'onJc dwvc]o:'4:_::nL (>f t::oF,:;.

(]<,]..{.ulo.._ _ r¢,.'_p i._';-_t]c>r_ i:_ j ::t(::l::i kt:':ll. :t:,)_'ll:'l i(' .t{cl (l.:; •

3O

42

88

96

] 03

92
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L_JA_YON1C TISSUF (continued)

Open-field bc41av]or in rats exposed pren]_tally to a low

intensity-Joy4 Irequ_ncy, rotating magnetic field.

ELF rotating magnetic fields: Prenatal exposure and adult

behavJor.

Effect of a constant magnetic field on tile course of preg-

nancy and progeny development in white rats.

104

105

136

magi;eric ,_j_ect: i_Utibition

E_O rospO_-o

88,96,].36

136

ENDOCRINE SYSTEM: See also Hormone.

ENDOCKINE SYSTEH, adrenal gland

Effects of the magnetic field on internal organs and the en-

docrine system of mice.

Changes in the sympathicoadrenal system caused by exposure

in a permanent magnetic field.

Effect of a constant magnetic field on the course of preg-

nancy and progeny development in white rats.

ma@netic off eat: stim'_tlation

5

46

136

].36

I_NDOCILINE SYSikbl, adrenal gland, disorder, lesion

Effects of the maznetic field on internal organs and the en-

docrine system of mice.

Effects of th_ m.,ugnetic field on internal organs and the en-

docr:ine system of m_ca.

5

][NDOC!ilNE SYSTEM, pancreas, a_s_z_er, diabetes mc]l.itts

Action of el_.:l.iromagnetic iielas on l)]ood sugar level ill nor-

real and diabetic subjects.

2]

]iNI)OCItINE SYSTEM, pJLuJtary gland

l<;f[:eetof ma!<nctJc fields <m carbohydrate netabo]:ism. II.

].;fleet of m;:V,,_ctic f],.:]ds on ..._uga_"]0.v_l, :lactic and py-

ruvJc ScJds :in gu-iiiea piF., blood.
lli]lwi[] iifTt.i>+k--<,llJcct'.; o! J.llte_i<itll so].a[' activity.

]t]]£ZC{"]:OIIKI[tl]Ctic. ]ic].d.q _ll]dli J(.'.

t,"aO>.<'ct.<':a <',t'j', :'t: ?.,'_,.c/a_ni<:m, bz:o'<.>_.<i.c:,.:Z

65

1;! 6

17.7

(, .J

95



ENDOCI:IINI{ SYST]i_I, thyroid gland

Stress and the transport of thyroid hormones.

magnetic _:jO_eat: in/_ibi tfon

95

95

ENDOPLASMIC RETICULUM

Effect of a constant magnetic .field on the concentration of

free radicals in the organs and tissues of mice.

ENVIROI_iENT_J_ BIOLOCY: See Atmosphere; Biometerology; Isolation;

Spaceflight; Working Environment.

ii0

ENZY_,iE, acid phosphatase

Effects of magnetic fields upon biological systems. 27

A review of the biological effects of very low magnetic fields. 29

ENZYME, aldolase

Enzyme-substrate reactions in very high magnetic fields, I. 119

ENZYME, acteylcholinesterase

Magnetic field and in situ acetyleholinesterase in the vagal ].56

ENZY>IE, ca talasc,,

Enzyme activity in high mag_Ictic fields.

The effect of. orientation of tbc ]_eft and rig],,t:sugar beet

fruits in the Eart:h_s magnetic Field on some physio]x,g.-

ical proaesses of plants dcvcl_oped from them.

Growth of Staphylococcus aureus in a null magnetic field
envi ro n'ue_t.

57

97

ll

ENZYNE_ coaguias_{

Growth of g taphylococcus aureus in a null mar,me.tic field

(_tlvJ rOl]l_l¢'llt.

11

I':NZYiJ]};, dehy d <og,mc:._; e

. _2 ] 1" ( E ,, £ 2 - ,].LlJ ._.t c:'1._._ 0 _ ('.l.c'c.l:"t)m,]_nc. tic x 1.( .[d, on i x _unol.o£,ic;t] Yo_.c-

tioi,,s, ]r_f]uc:n¢c_ o.t: homo!>j..,ti(!ot,_._-; ma£il(,t:Ja JTio].d,,-; on pl_.;t-

[I0 C:'{ t.oi; J. ,'_ i.I] "V/i. [1 ]"0.

141

(],'owtI_ of [',t p _yl_,coccus aur{,u,,; :in a n_H] magnet::[c f]_]d
t'llk;i ]'(l!_,!]'_'i] [ .

]. ].

94



• ,,.,p .r, 7],,_,_YAL, L-glut,imic dchydrogcnase

Enzyme activity in high magnetic fields.

ENZYHE, lactic dehydrogcnase

influence of a magnetic field on seed germination and activ-

ities of related enzymes.

57

145

ENZYHE, lipase

Stimulative biomagnetic effect under action of a magnetic

field and of magnetized water upon the seeds of Cucurbita

maxima Duch.

140

ENZYNE, pero._;idase

Enzyme-substrate reactions in very high magnetic fields. I. 119

ENZYHE, polypbenol oxidase

Enzyme-substrate reactions in very high magnetic fields. I. 119

ENZYME, pyruvic dehydrogenase

Influence of a magnetic field on seed germip, ation and activ-

ities of re]g,ted enzymes.

145

ENZYME, ribonuclcase

E,!zyme-subsnrate re_ctions in very hig]_, m_,g_etic, fields. I. 119

EN:{Y._!!{,trypsin

Enzyme-substrate reaction:_ in very high magnetic fields. If. 120

I)'.NZYI"II:IN]Ill]!TOR, phy s o:_ti gmine

._L'_[;ne.ticfield c:nd ip, sJ.tu acetylc[_olincsterase in the vagq].

heart system.

157

I!:NZY,_,E KIEi"flCS

B.tolog.ica]_ effects of mag::,.etic fields.

Growth of gt..,phy.lococcu.'.; aurcu:; in s nt, 1]. :_,:K'.'aetic f:ie.]d
fqlV] l'O_ll];t'i] [" ,

Effect.", o[7 mL_!.',llcttc fi.c].d:-; upon b:[o]ol:i(;_l ._:_v:{t(,1_;.

A review of tlac bioloLicai effects tie vcry ]ow !;:;_F,nct.ic
f] old:;.

i-u::ymc activity in iti.v,h ma!:n_:t;.c iicJd:;.
_;t. udics on [ll,, t,f!'('ct.'; ()i it ,.'¢m:;t.,,,t ,,_g_/,_,,I. ic l-icl.d on Ii_c

ca:.ymt, t ic i_ctivity of l.hc colon bact.liu:.:.

4

ii

27

2<)

57

76

(_



I_NZY"tE KINETICS (continued)

The effect of orientation of the ]eft and rJ_j_t sugar beet

fruits in the Earth's magnetic field on some physio].og-

icai processes of plants developed from them.

Enzvme-sub._;trate reactions in very ll]gh magnc_t].c fields. I.

Enzyme-substrate reactions in very high maglletic fields, II,

Sti;ml]atJve bJomagnetic effect under action Of a magnetic

field and of magnetized water upon the seeds of Cucurbita

max<free ])uch.

Influence of e].e.ctromagnetic fields on ilmnunolozical reac-

tions. Influence of homogeneous magnetic fields on pha-

gocytosis in vitro,

Influence of a magnetic field on seed germination and activ-

ities of related enzymes,

Magnetic field and in situ acetylcholinesterase in the vagal

heart system.

97

119

120

140

141

145

157

magnetic effect : inhibition

s tir_J, la tion

57

ii, 27,119 _120

57,97,140,145,157

ENZYME, synthesis

Growth of Staphylococcus aureus in a null m_gnetJc fieJ.d

environment.

maonc-t:ic' offco;t:, no .-_';'q__')_.-z-• "-:"....e

Ii

11

]!VOLUT!OI{, s1:ecies exLxnct_.cn

<_._c, faunal t_xtJ.nct:[o!lsct g,eomaid.cletJ.cC,:',::m[ _': Yay cf [_.:.'_".ts ""
fJ e.] d rcv,?-r_a]_s.

.... .t- 11(I .*'-_.'.. •

].3

]. 3

]JXPO.'J]]RE, :t nt:{,_-mit tent

Space biom;1!-;netics,
]effects oi: ;i mn_glel:ic fJe[l.d on the gcrmJn::[Jon of ai)[)].e_

apricot and peach seeds,

Ce]luJ.ar rcspir;Ltio1_ in intermi, t.tcni: magnet,L(.: fields.

]_8

24

]()3

EXt'OSI;I',L_, ':: 30 mit_,
Effect:-" {_!! ti,e _:;a;<_c;t._c fie,]d on cult:uca of fibrol, la--;l:s :i.n

V [ [: re,

"l'i_{' _'fiec:t:_ ol ;_ m,_,?,nct, ic field on ;: ,m[cc.i]_[,{_. ]_t:_.-:ori;m_

l';Ifuct ol iu_]_:t,!r'l-upt,.'d pu],;._inq ;.J,'c! r,_:,,_:,,m,tic ficl,:t.,; on

pl,.,:;m-t )-,<ot.,,in fl'_:ct, itn_:, ,'lt),.l t.lit" <',_:z_[.ul,tt it;I-I )>yt)i'('!;); J. ll

2

38

63

9 6



EXPOSUKE_ _ 30 rain. (contim.md)

Effect of raagnetic fields on carbohydrate metabo] lsm. II.

Effect of magnetic f:ields on sugar level, lactic and

pyruvic acids in guin,_a pig blood.

Magnetic effect during pl_otosynthesis.

A study of the orientation of plank seeds in a constant

magnetic fJeJx] before the beginning of spzoutJng.

Enzyme-substrate reactions in very high ma}_netic fields. I.

Enzyme-substrate reactions in very hJgh magnetic fields;. II.

Changes in the membrane potential of cells in the alga Ni-

teila f]exilis under t:he action of a steady magnetic
field.

Biological action of a magnetic field on the mito.qJs and the

chromosomes in the radical meristem of V[cia faba L.

Stimulative biomagnetic effect under action of a magnetic

field and of magnetized water upon the seeds of Cucurbita

maxima Duch.

Photosynthesis in a magnetic field.

65

70

71

119

120

127

139

140

158

EXPOSURE, > 30 rain _ 1 hr.

Effects of the magnetic field on culture of fibrob]asts in

vi tre.

Effects of magnetic fields on cellular respiration.

L_._._ of m_gnetic fields on carbohydrate metabolism. II.

Effect of magnetic fields on sugar level, _" "_..c.ic and

pvruvic c_c[,.isin guinea pig blood.

TI,e influence of the magnetic field on the grov_th of the lar-

vae and on si!]..:production of ]_ombyx mori.

St_'ess and the transport of thyroid horn:ones.

Ce]lular r{::::pil:atJo;_ Jn -inte]n:l_t:t:.'l)[mav,net :[c. f "c_],_,s.

Cb.anm<,:_ Jp_ L.ha membra!_,.:pot<_ntia! of cells of l:he ,n].ZaNJ--

/<ella fJ.exJ!is u1-_(]erthe u.ctiou of a s!<<'a(lym<:gn'.'ti(:
fie.ld.

The action and afterei:fect of a constaL'd: magnCLti(: field on

the respiratory gas e>:.cl_angeof t:l_e_:oot_; ol Viola faba

L.

P]_ysio.]ogical-bioch_mi.ca] w_.riatJous of .,-;ec_dlin_<so_ Viola

faba in a constant maznctic fie].d.

Biolc, F.ical action] o[! ;-_mngnet_c f:[eid o[_ t]_e mitos]5; :_rl(]the

ch_omosr)mes :in t:!_e radJc:_] .m{'ri_tem o{ Vie:in f_l[,:t 1,.

St::L;_:u]at[ve b:io>.:_L>.et:ic efi_.,,=t under action of n mat'netic

fic]d ur_d ot mafTlct:i::cd waLer upon the seeds of (;ucurbitn
maxima i)uch.

2

3O

65

84

95

]0 3

I27

1.34

!35

] 39

140

liXU(]StT[<]!, > I hr '< 6 hrs

(_[_;_I<<,_ [11 mnl:low ]l('mc_poitu;J:; dut, {o Jlul[;.:[il},, lild[;tL!_):'l ;_rld

C]it21hiC_l[[ .qtll)._;t;lIIC_'_; tl::t:_] Jli CO_;_[_;It[llV,I:I&.[.iV,1I;III[. t'tli?lOY:;

;lgilin._;t a b.ckzro,md oi7 m_u,,netic I i_>Id u_;a!,,,'.

9 7



EXPOSURE, > 1 hr <- 6 hr.q (continued)

biu!tiplication of bacteria and bacteriopha?,es in a magne- 31
tic fi e.].d.

Biological effects of magnetic fie].ds. 37

Effects of a magnetic field on DNA synthesis by ascites Sat- 4].

coma 37 cc.'].].s.

Effect of a pulsing magnetic field on the oxidative phosphor- 64

ylation of an albino rat brain affected with audiogenic

convulsion.

Magnetotherapy of patients suffering from oblJteratJ.ng di- 75

senses of the peripheral vessels.

Effect of vari,'{ble msgnetic field on the sodium pe.rmeabJlity 93

of isolated frog skin.

Effect of a constant magnetic field on the concentration of ii0

radicals Jn the organs and tissues of mice.

Effect of m.agnetic fields on certain varieties of wheat. ].15

Enzyme-substrate reactions in very high magnetic fields° II. 120

Biological action of a magnetic field on the mitosis and the 139

chromosomes in the radical meristem of Vicia faba L.

Stimulative biomagnetic effect under action of a magnetic ]40

field and of magnetized water upon the seeds of Cucurbita

maxima Duch,

EX]?OSUI;E, > 6 hrs < 24 hrs

]':fleets of the naznet:ic field on culture of fibrob]asts in 2

vJ t ro.

Biological effects of magnetic field::;, 37

Changes in blood content of trace e!cments ip. patients with 43

thromboph]ebi[is of the lower e>'tr_:mJtiea u_der tl,e in-
¢., -

fluenc(_ of a com;go.nt magnel::ic .Ll.cl_ao

l'Iorl ho o/'kco I ' ? ....c_;. 1, ci. c']: [s _; .... _]:: the l.,[ ,:_.l.qi;J.c:'..]_ r, t! l:,,c'l:, of ]/'2., J. t.._ L .b*

ma_Um't:l c fi_] d:-_ (_::_:b_:als _ _.<u:ir, ea---p:i<,_s., frog:::, t'.i.sh) .

l]cvelol)mC:nt of culture._ of Tet:rehym{_n::- l;yriio_.-n<is in a homo- ].4op

genool'.s sl:atic l,_aglletlc fio].d.

EXPOSU..tU_, = 24 h_:s

]2fft,cts of the maZneti.c field on cul. ture of f:i.brob]asts in 2

v:i tro.

Bie]o!.,i(.'a.t eficct._ of ;m!!:net:Jc fic, ld._;. 37

Chan_,.c_, i.;_ I_h:. • a;ymp,,thJcc;:_drc_<d _'y>;t.cT_', ,:a,_-_ed by e:-:po:::ure 46

ill i.! ]'_i_)Tl!_i_!l<_q]|:m_Fl)et:i.c fi.dd.

C.hanF,(:. _', ])rodu<{,d in ,_ri _a_'y ._;odit.a, l.._l-:,.:-.'<:iu_u, :,._d ca] (::i _m_ 58

<2>',(:].7t_[7[01i j.]] lh:lC:i' ('Fl}O'.-;t!'] [(1 lilHilf)_'.t'lleot|:; ('.]_%ttlOll]i'l?,I]O[:{.C

St g_:::t_.

_iic_roc_:.l_:'im¢_i _,,' oi t.l_c proe_.-_!;e._ of (::c_!),,_,lt_IJ,,n in n¢_,:m;>l_ 108

conclit.i,u_: ,}_ld :til..cr (,:.:pc_:.urt, to ;1 COII!;I.;IlIL lliii}'!l/2[:]C f.ield,

]']t-{cct Of ;t Co_!_{ia.:_t: r::q.'ncti.< lJc.]d o_ the c,.n_'_'n[ r;,.lioll (_.[ 110

tl-t'6: l':_d[(:;_]_: .]t1 the2 o]'[,.gll]:: _ti_tl [ i: :;_;,':: o[ 1!1i(7o.

9 8



EXI'OSURE, = 24 hrs (continue.d)

Changes in the men6rane potential of cells of the alga Ni-

tella flexilis under the action of a steady magnetic
field.

127

EXPOSURE, > 1 day _ 7 days

Effects of tile magnetic field on internal organs and the en-

docrine system of mice.

Biological effects of magnetic fi(:ids.

The influence of magnetic information on the orientation of

the indigo bunting, Passerina cyanea.

The effects of magnetic fields upon rabbit brains.

Studies on the effect of constant magnetic field on tobacco

mosaic virus synthesis in tobacco leaves.

Effect of a constant magnetic field on the concentration of

free radicals in the organs and tissues of mice.

Physiological and chemical features of magnetically treated

winter wheat seeds and resultant seedlings.

The effect of strong inhomogeneoms magnetic fields on serum-
free cell cultures.

Preference of mice to constune food and water in an enviro::-

ment of high magnetic field.

The action and aftereffect of a constant magaetic field on

the respiratory gas exchange of the roots of Vicia faba

L.

Physiological-biochemical variations of seedli:_gs of Viola

faba in a constant magnetic field.

Influence of a magnetic field on seed germ]nation and activ-

ities of related enzymes.

Effects of a hizh magnetic l:ie]d at differeJ:t osmotic pres-

sures and tcmper_tu:es m)mL:!tiplication of Sacchuromy---

ces cerevisiae.

5

37

44

48

87

ii0

112

118

126

134

135

145

149

EXPOSUIIE, > 7 days -*<14 days

Effects of the magnetic field on internal orgm_s and the

endocrine system of mice.

Bio].ogical effects of m_ignetic fields.

_la_net:J.c treatment and _;eed orlc1_tn[Jol: of single-harvest

snap beuns (Pilaseolus vulgaris L.).

Growth ol rudish (]<aph_.:nu.';sativus) sccdl.ings ii: :::agnet:.[c

fJ(!]ds .

5

37

i]I

130

]:XPOSUIN:, > 21.4 days < 30 days

bl::F,netic t:[(,]ds ;rod the nu;::ber of blood p].ate](,t:::.

Effects of a mabnctic ih.:]d on the ::::::::::::::::::::: of apple,

_lpl'_Cc,t: :ll]dpc::ch sc_-'.d._.

Tit::elloot of _, po_:::an(:::_m:_!:at_t::icl icld on I:hc,'--:cn:;iti\,Jty

of bactcrlal popu]::: :,:>::.';t:o al:t:Jbiotic>:.

6

24

67

9c)



EXPOSURE,> 14 days "-<30 doys (continued)

Growth of radish (halhunu.q sativus) seed]ing_; in magnetic
fie] ds.

The action and aftereffect, of a con'._:tant- magma'tic field on
the respiratory, oao_"_" exchange of the roots of VJcia faba

L.

]>hysiological-biochemical variations of seedlings of Vicia

faba in a constant magnetic fie_id.

130

134

135

EXPOSURE, > 30 days < 3 rues.

Effects of the magnetic field on internal organs and the en-

docrine system of mice.

Physio!ogical-biochemica]. variations of seed]ings of Vicia

faba in a constant magnetic field.

5

135

EXPOSURE, > 3 rues.

Exposure of man to low intensity magnetic fields in a coil

sys tern.

Effect of magnetic fields under industrial conditions on the

cen.tral nervous system. (Electroencepha].ogr;,.phic. data).

]_ffects of n_.<_r-."-.,e_'o magnetic field_; upon bio]oqi(:al, sysrem_.

Sc:!sJ.tivity of some plant material to m.:_.;netic i:ields.

'.[_he infJ.ucnce of magnetic fields on s,x:_cept_bility for to:<:i.c

compound_ in Spirostomitnn ambigutm! ].i_"

Lffe.ct of a con_t.snt ....... "" _ ......_;n_._<.icfield on the _:c)t_se of pro{!,.-

nancy and l)rog('n>' ueve.l_opme.n_ in _zi)Jto rnts.

L.ifc :i.n a magnetic f:keld.

19

28

42

O 0

q,i

124

136

143

]iXi'OSL;RE: pre]_ata].

]::ffect,_;of t:h<:nagnetic _fi{d.d on int:erna] ori;:ms a:,d the en-

do('rJ.11(: sy,_;t('iil o[ ;pJ.ce,
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